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General introduction

General introduction
1.1 Introduction
Cleft lip and palate is the most frequently occurring orofacial deformity. 
The incidence of orofacial clefts (OFCs), depends on racial and ethnic 
background and on geographic area. The overall incidence of cleft lip 
(CL), cleft lip and palate (CLP), and cleft palate (CP) among Caucasians 
ranges from 0.91 to 2.69 per 1000 births.1 In the Netherlands, the 
incidence ranges between 1.38 to 1.77%o.2
The Dutch Association for Cleft Lip and Palate and Craniofacial 
Anomalies (NVSCA) keeps a national register of infants born alive with 
oral clefts and from 2007 on, also of prenatally diagnosed clefts. Data 
evaluation of all unoperated patients with a common oral cleft born from 
1997 to 2006 (N=3512) showed an overall prevalence of 1.66 per 1000 
live births. The prevalence per cleft type was: cleft lip/alveolus (CL/A) 
28%, CLP (39%), and CP (33%).3 In a large population based study, in 
the Norwegian population, the morphologic variation of oral clefts was 
described. Among 3616 cleft cases, only 271 (7%) were bilateral cleft lip 
and palate (BCLP), the most severe type of clefts.
An orofacial cleft is a congenital deformity that develops during 
early fetal development. Up to now not less than 263 genes have been 
associated with the development of OFCs in humans.4 The vast majority 
of them are protein coding genes; some of them were identified as RNA- 
genes and others as pseudogenes. Looking at the top 10 of these genes in 
terms of a relevance score based on either conclusive evidence, or 
inference or prediction by authors, active genes are represented in a 
variety of cellular functions. The top 10 ranking list includes MSX1, P63, 
PVRL1, CLPTM,1 TBX22, FOXE1, SATB2, TGFA, IRF6, MTHFR , with a 
relevance score ranging from 11.07 for MSX1 to 3.89 for MTHFR*
It is striking that most of these genes have first been identified to 
cause syndromic types of OFC (like MSX1 for the CLP-Oligodontia 
syndrome, P63 for EEC-syndrome (Ectrodactyly Ectodermal dysplasia 
Clefting-syndrome), PVRL1 for Margarita Island syndrome, TBX22 for 
X-linked Pierre-Robin syndrome, and IRF6 for Van der Woude 
syndrome) and later some of these genes were shown to contribute to 
non-syndromic OFC. More recently, common variants (or
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polymorphisms: gene variants with higher allele frequencies in the 
normal population) of the same genes of which the rare variants were 
shown to cause cleft syndromes, proved to be associated with non- 
syndromic OFCs (NSOFC). They constitute risk factors, eventually in 
interaction with other genes (e.g. through epistasis) or modulated by 
environmental factors.
It has been shown that mutation of MSX1 contributes to NSOFC.5,6 
In addition MSX1 P147Q, could be pathogenic for NSOFC in association 
with MSX1 mutation.6 The FGF genes (de novo mutation in FGF8 and 
nonsense mutation in FGF1) are considered contributing factors for the 
non-syndromic cleft lip and palate as well.6,7 For all other genes further 
risk assessment should be considered. A recent published study provided 
evidence that the cartilage II and XI genes and the IRF6 are responsible 
for NSOFC.8,9 Common polymorphism of IRF6 has been shown to be a 
contributing factor for NSOFC.8 Even though our knowledge of the 
functional mechanism of the IRF6 gene is still limited,6 its identification 
in orofacial clefting improves genetic counseling and the possibility of 
antenatal diagnosis. In addition, identification of the genes and their 
connection to the environmental factors can affect our therapeutical 
interventions.10
It was recently shown in mice that the cooperation of IRF6 and p63 
is necessary for normal palatogenesis.11,12 Besides genetic factors, both 
epigenetic and environmental factors also contribute to the risk of having 
a CLP-affected child. Mothers’ illness, medication, nutritional factors 
(e.g. folates and other vitamin intake)13,14 as well as (passive) smoking 
during the first trimester of pregnancy may increase the risk of 
NSOFC.15,16 In a meta-analysis, it was shown that maternal smoking had 
a small but significant association with CLP due to embryonic 
hypoxia.17,18 Maternal alcohol also can contribute to an increased risk of 
CLP.19 It should be though remembered that intrauterine environmental 
factors could influence fetal development in combination with genetic 
factors.20
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1.2 Incidence of CLP and associated anomalies
Cleft lip and palate (CLP) can occur as an isolated congenital 
malformation but it is often part of chromosomal and monogenic 
syndromes or associated with other congenital malformations.20-22 It is 
difficult to obtain precise prevalence rates for CLP with associated 
malformations,23 that's why the prevalence of associated congenital 
malformations in orofacial clefts (OFCs) varies widely in the existing 
literature. Rollnick and Pruzansky reported associated malformations in 
44% of the OFC cases in their unit,24 while Shprintzen et al. observed 
associated malformations in 63.4% of the children with OFC.25
A common finding in most studies is that the lowest incidence of 
associated anomalies occurs in the group with cleft lip (CL) only. 
Associated malformations were more frequent in infants who had cleft 
palate (CP) only (46.7%) than in infants with CLP (36.8%) or infants 
with isolated CL (13.6%).26,27 The previous findings have been confirmed 
by other epidemiological studies.28-30 In other studies though, CLP 
patients have more frequently associated anomalies (44%) than patients 
with CL or CP only.31 Twenty-three EUROCAT registries agree that 
associated malformations were more frequent in infants who had CLP 
(34%) than in infants with CL only (20.8%).32
In a sample of 100 OFC patients, examined between September 1963 
and March 1964 at the University of Oklahoma Medical Centre, 31% of 
the patients showed related anomalies. The incidence of associated 
malformations in bilateral cleft lip only (BCL), was 1% and in bilateral 
cleft lip and palate patients (BCLP) 4%.33
In our BCLP patients’ study, at the Cleft Palate Craniofacial Unit of 
the Radboud University Nijmegen Medical Centre, we had adequate 
information of 133 patients from the total of 149 patients with a complete 
BCLP (CBCLP). Thirty-one patients (23%) had a single additional 
abnormality, while 33 patients (25%) had several additional 
abnormalities. Abnormalities were most frequently seen in the face 
(14.3%), the urogenital system (10.5%), the extremities (9.0%) or were of 
cardiac (8.3%) origin. In 12 patients (9.0%) a syndrome was diagnosed, 
in three other patients a syndrome was suspected.34
13
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There are approximately 300 to 400 syndromes, excluding 
chromosomal disorders, that are associated with CLP.35 It has been 
reported that there is a connection between the severity of the cleft and 
the associated malformations. 35% of the patients with CBCLP showed 
associated malformations.36
According to the data of the NVSCA of all cleft patients collected 
from 1997 to 2006, out of 3512 patients, only 23% showed a positive 
family history concerning congenital anomalies. In 24% of the children 
with a positive family history, a syndrome was diagnosed. 10% of all 
cleft patients showed 40 additional abnormalities of the head and neck 
area, and 13% of other systems.3 355 patients (10%) showed one or more 
additional congenital craniofacial abnormalities. Mandibular 
abnormalities were observed most frequently (239 patients, 68% of 
patients with additional craniofacial abnormalities). In 193 patients, the 
Pierre Robin Sequence was observed. 442 patients (13%), displayed a 
congenital anomaly of other parts of the body, of which congenital 
anomalies of the circulatory system were the most frequent (i.e. 32% of 
patients with congenital anomalies of other parts of the body). CP 
patients were diagnosed most frequently with Pierre Robin sequence and 
CL/AP patients mostly with trisomie-21 or trisomie-13.3
Gender differences, in the occurrence of associated anomalies, in 
OFC patients, are still unsettled. In different study groups, the percentage 
of female OFC patients with associated anomalies ranges between 50 to
34 37 3862 %. ^  The incidence of CLP was slightly different between males 
and females, while the incidence in male patients, among the BCLP, was 
twice as much as that of the females.33
1.3 Dentofacial morphology in BCLP
1.3.1 Un operated BCLP
The term “unoperated cleft patients” refers to patients with clefts that had 
no surgical intervention at all for the correction of the cleft or to the ones 
that have been operated at a later age, after craniofacial growth had
14
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ceased.39 All these individuals survived the problems of breathing, eating 
or swallowing, that are associated with the malformation.
The evaluation of craniofacial morphology of patients with 
unoperated clefts39-42 or in skulls43 provides more insight into the intrinsic 
growth pattern inherent to the presence of the cleft without the additive 
effect of surgery. Craniofacial morphology and dental arch form of 
CBCLP in operated patients has been evaluated over the years and it is 
believed that the type and timing of operations may inhibit the normal 
growth of the maxilla.40,41 When the lip, premaxilla and palate are left 
without any surgical intervention until adulthood, the lateral alveolar 
segments grew forward, giving a fairly good profile.44
Data on unoperated patients is rare and only possible to find in areas 
where medical care for patients with clefts is not available. Another 
problem observed in data collected from unoperated patients is the age 
range of the collected material and the lack of control groups of the same 
population. Further investigations with bigger samples of unoperated 
cleft patients could elucidate the intrinsic maxillary growth deficiency 
and consequently the possible effects of surgery.39,42
1.3.1.1 Facial morph ology
The most striking facial characteristics observed in patients with CBCLP 
at birth are the protrusive premaxilla and the underdevelopment of the 
columella, described in the literature histologically and anatomically. 45-47 
Because of the absence of a lip restraining effect in unoperated patients 
with CBCLP, various degrees of premaxillary protrusion can be seen.39 
The protrusion of the premaxilla has been shown in a cephalometric 
evaluation, where a BCLP group of patients was compared with a non­
cleft group. SNA values were larger in the BCLP group.48 Unoperated 
patients are described as having a rather good facial profile because lip, 
premaxilla, and palate were left undisturbed until adulthood.40,41 In an 
unoperated CBCLP group, compared to a non-cleft control group a very 
convex profile was present.49 The mandible showed a vertical growth 
pattern that resulted in a steep mandibular plane, an obtuse gonial angle 
and a long lower facial height, while the posterior facial height was 
reduced. The cranial base dimension was smaller but no difference in
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cranial base angulation was observed between the CBCLP group and the 
controls. The large nasolabial angle in CBCLP could be explained by the 
nonexistent columella which results in a prolabium directly joined to the 
tip of the nose.49 When a group of unoperated CBCLP patients was 
compared with a CBCLP group of patients who had only lip repair in 
childhood, the last group showed reduction of the anterior projection of 
the premaxilla and lingual tipping of the upper incisors.50 The immediate 
advantage of the lip surgery for BCLP patients is the reconstruction of 
the muscular bridge. The long-term advantage is the progressive 
retroposition of the premaxilla.50 This has been critically discussed and it 
is believed that any attempt to retract the premaxilla at a young age leads 
to an unfavorable facial profile in later developmental stages.51 The poor 
development of the midface, frequently seen at a later stage, has been 
attributed to a number of factors, especially contraction of scar tissue.44 
Intrinsic tissue deficiency was also identified as a factor for maxillary 
hypoplasia in patients with both UCLP and BCLP.52
1.3.1.2 Dental arch dimensions
In unoperated patients dental arch dimensions have been studied more 
frequently than facial growth, as dental impressions can be taken 
everywhere, while radiological equipment to make standardized 
cephalograms is mostly not available in remote areas.
In an Indonesian sample only small differences were found in the 
transverse dimensions of bilateral cleft lip and alveolus (BCLA, n=18) 
and bilateral cleft lip and palate (BCLP, «=13) in comparison to control 
non-cleft individuals; the transverse collapse was mainly located in the 
alveolar cleft region. In BCLA, the intercanine distance was 4.3 mm and 
in BCLP, 7.2 mm smaller than in the control group. An explanation for 
the decreased intercanine width could be that in these patients agenesis of 
the upper laterals is frequently seen, resulting in a narrower upper arch.53 
In a rehabilitation centre for CLP patients in Brazil, in a bigger sample of 
BCLP patients («=33), the entire maxillary arch was narrower in 
comparison to the control non-cleft group. From molars to canines the 
constriction of the upper dental arch increased and a longer maxillary 
dental arch was found due to the premaxillary anterior projection. The
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intercanine width was restricted up to -10 mm.54 The difference between 
the two previously mentioned studies could be attributed, according to 
the authors, to the small sample size and the different racial background. 
In unoperated BCLP individuals, the maxillary segments might be rotated 
medially,39 which results in arch collapse and crossbites in the canine 
region.42 It was concluded, that the intrinsic effect of the cleft was only 
limited to the canine region.42 A significantly increased intermolar width, 
in BCLP patients, has also been reported as compared to UCLP 
patients.55 This difference might be due to the lateral growth of the 
maxilla in the absence of surgical intervention.40,41
Hardly any studies deal with mandibular arch dimensions of 
unoperated OFC patients. In a patient sample from Indonesia, the 
mandibular arch width of unoperated patients with BCLA and BCLP and 
non-cleft controls was comparable.56
1.3.2 Operated BCLP
BCLP is the most severe type of the common OFCs. The final outcome 
for facial morphology of these patients is depending on factors such as 
the intrinsic developmental deficiency and functional distortions. These 
factors are affecting the position and growth mainly of the maxilla. In 
addition iatrogenic factors are implicated as a major source of disturbed 
facial growth.57
1.3.2.1 Facial morphology
The most striking feature in patients with CBCLP is the protruding 
premaxilla. The protrusion of the premaxilla is obvious at younger ages 
but tends to diminish in subsequent years,58,59 most probably until in the 
mid-teens.59 According to other studies, straightening of the profile is 
observed at 10 years without any therapeutical interference of the 
premaxilla.51,58,60,61 As there are hardly any longitudinal studies into 
facial growth in CBCLP, it is difficult to say when the premaxilla reaches 
a more normal position. Moreover, different treatment strategies 
employed in different centres may result in significant differences in the 
position of the premaxilla as well as in the inclination of the upper 
incisors.62 Therefore, the management of the protruding premaxilla is still
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a controversial issue in the treatment of CBCLP patients. According to 
Gnoinski and Rutz,51 any effort to achieve a normal facial profile at a 
young age should be avoided, in order to prevent the characteristic 
concave facial appearance of these patients at a later age. Indeed, several 
studies showed a decrease in facial divergency.51,63,64
The vertical dimension in cleft patients in relation to the downwards 
rotation of the nasal line (NL or the so called maxillary base) is 
frequently discussed. The maxillary inclination is related to lip repair as 
well as to the technique applied for the palatal repair.51,63 Components of 
the lower face, especially the mandibular body, can “compensate” for 
changes in the development of the midface.64 Studies also showed an 
increase in lower facial height.59,61 The same was found in an earlier 
study that concluded that in BCLP patients, the mandibular length was 
smaller, the mandible retruded, and the gonial angle obtuse.58
Regarding the treatment of these patients, it has been concluded in 
the literature that attempts towards a normal facial profile should not be 
made at a young age because this leads to midfacial deficiency and 
negative facial appearance in the long term. The inclination of the 
premaxilla is not only a reflection of lip repair but also of the surgical 
closure of the palate. Extended scar tissue formation may affect the
inclination of the entire maxilla.51,58,60,61
1.3.2.2 Dental arch dimensions
The development of maxillary arch dimensions from birth till adulthood 
in children with CBCLP treated in the Nijmegen Cleft Palate Craniofacial 
Centre has been described earlier.65 The maxillary arch development was 
unique and significantly different from the non-cleft control group.65 At 
birth, the CBCLP patients had anterior and posterior arch width and arch 
depths that were significantly larger than the non-cleft children. The 
anterior arch width and arch depth in the cleft group diminished over 
time. At one year of age, after palatoplasty, a slight decrease of arch 
width and a slight catch up growth in arch depths were observed. The 
changes were mostly related to the surgical lip closure and less to the soft 
palate surgical intervention. At 4 years of age, the CBCLP group showed 
a narrower anterior arch width, a wider posterior arch width and a shorter
18
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anterior arch depth. In a three-dimensional evaluation of maxillary dental 
casts until 6 years of age, in which a sample of the Nijmegen patients was 
included as well, a catch up growth of the palate was found.66 In a 
follow-up evaluation on occlusion, from 3 to 17 years of age, a tendency 
for an end-to-end dental arch relationship was observed with increasing 
age.67
In complete unilateral cleft lip and palate (CUCLP) many studies on 
dental arch relationships have been performed using the so-called 
GOSLON yardstick.68-71 The advantage of such a measuring tool is that it 
can discriminate the quality of dental arch relationships among different 
cleft centres.68,72 As such the GOSLON yardstick is useful for intercentre 
comparative studies. These type of studies have not been performed yet 
in BCLP, as until recently no yardstick was available to measure dental 
arch relationships in CBCLP. As part of a larger international 
collaboration on CBCLP, of which some studies are included in this PhD 
thesis, such a GOSLON-type yardstick for CBCLP patients has been 
developed.
Despite the different treatment protocols followed by the cleft teams, 
involved in this study, their common goal is the development of normal 
dental arches and establishment of a normal occlusion, eliminating, if 
possible, complicated orthodontic treatment and the need for orthognathic 
surgery.
1.4 M ultidisciplinary treatment
The complexity and severity of orofacial clefts (OFCs) requires 
multidisciplinary team work, centralization, collective decision making, 
coordination of the team, long-term and integrated treatment planning, 
continuity and consistency of care, careful record collection, quality 
assessment, long-term follow up and research. The multidisciplinary 
approach is essential to generate data, to stimulate discussion among 
clinicians in tailoring treatments and to identify efficient treatment 
approaches.
19
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It is not really proven though, whether a multidisciplinary team 
provides the most comprehensive services or the best treatment 
outcomes.73 It is a fact though, the more disciplines are involved in the 
team, the more likely it is to evaluate every aspect of patients needs. 
Time-appropriate care is higher among patients with team care than those 
without.73 The team coordination and continuity of care are important 
psychosocial factors for both the patient and the family. Fragmentation in 
the delivery of treatment should be avoided.74 The correct management of 
these patients aims at the best functional and aesthetic outcome, and 
optimal cost-effective treatment intervention. In addition, a balance 
should be kept between centralization of the services and geographical 
accessibility for all patients.
Nowadays, the care for patients and parents starts before birth. OFCs 
are often diagnosed in utero on ultrasound during the second quarter of 
gestation, although many times, they are not diagnosed until delivery. 
Two-dimensional ultrasound screening has a relative low detection rate, 
ranging in different studies from 0%75 to 70%76 for all cleft types. Even 
though the detection range in the existing literature is broad, the false 
positive diagnosis is low. Three-dimensional ultrasound gives a reliable 
diagnosis; in high risk women for cleft lip, a detection rate up to 100% 
has been reported, 86% to 90%77 for CLP, and from 0%77,78-80 up to 89% 
for CP alone.77
After birth, the treatment of these patients starts with nursing 
counseling and psycho-social support of the parents. In case that 
associated malformations make a clinical diagnosis more difficult, a 
clinical geneticist may assist in the diagnosis and treatment approach. 81 
The geneticist would help for identification of individuals with 
underlying genetic syndromes or document inheritance of syndromic 
traits to clarify recurrence risks82 (see Chapter 1.2). The pediatrician or 
the primary care physician is involved for close monitoring of every day 
issues, growth, and the coordination with other specialties, if  not 
coordinated from the team.83
Various surgical procedures are needed till the end of the growth. 
The surgical disciplines involved are plastic surgery, maxillofacial 
surgery, and ENT-surgery. The ENT-specialist, audiologist and speech
20
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pathologist are there also to solve hearing problems and speech 
rehabilitation. Most common correlated with a palatal cleft are middle ear 
problems associated with Eustachian tube dysfunction. These children 
have a higher incidence of glue ear and hearing loss in comparison to the 
normal population. These symptoms can be associated with speech 
impairment. The speech pathologist is essential for diagnosis and 
treatment of speech disorders (i.e. velopharyngeal incompetence and 
articulatory deficiencies/disorders). Velopharyngeal incompetence may 
develop because of anatomical factors (short soft palate) or functional 
problems (immobile soft palate).
A social nurse or social worker is the person that guides parents and 
children through the treatment period, till the end of growth around 18 to 
20 years of age. The psychologist supports the self-esteem and self­
concept of these children. Fortunately, many children grow up without 
needing additional support of the psychologist.
Dental care includes prevention and conservative treatment care, 
restorative dentistry as well as orthodontic treatment. Orthodontic 
treatment might include a neonatal period with Infant Orthopedics (IO) 
and later on, treatment for dental malocclusion and maxillofacial 
development. Orthodontic intervention during the school years includes 
orthodontic diagnosis, record collection, active treatment and retention. 
In case of an unfavorable dentofacial appearance orthognathic surgery 
may correct the craniofacial disharmony.
1.5 Surgical and orthodontic treatment approaches and the protocol 
in Nijmegen until 12 years of age
The treatment approach of CBCLP patients is much more challenging 
than for the rest of the cleft population. Each professional of the cleft 
team performs assessments independently, if  needed, using a 
standardized protocol. During the team consultations, the progress and 
outcome as a whole are evaluated and discussed between team members 
and also with the parents and/or patient. Ideal sequencing of surgical 
procedures or other treatments and the need for extra diagnostic tests are
21
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considered. Finally, consensus is reached on an individualized treatment 
plan, taking into account the overall treatment protocol of the team. The 
team will always try to minimize the burden of care while attempting to 
optimize outcome. Type of surgery and other therapeutical approaches 
differ depending on the protocol of the centre. Timing and ideal 
sequencing is often another point of debate. Each component of the 
treatment plan should not interfere with other disciplines involved.84-86
The surgical and orthodontic treatment protocol followed in the 
Cleft Centre of Nijmegen for the sample described in this thesis, included 
IO from birth on until soft palate closure, with a duration of 1.5 years. IO 
is performed in order to align the alveolar segments before the surgical 
intervention. At present, IO appliances are not used anymore in our 
centre, but in the group, evaluated in this PhD thesis an intra-oral 
appliance was used consisting of hard and soft acrylic according to the 
protocol of Zurich.87 IO is a treatment approach that is still controversial 
and it is widely discussed whether it facilitates, both in UCLP and BCLP, 
subsequent surgical procedures and the final treatment outcome.88-94 
Another reason, that IO have been supported is because of the positive 
interaction between parents and child and the active participation of the 
parents in the treatment.95,96 Lip adhesion is an alternative procedure to 
allow natural forces to mould the maxillary segment.
The surgical lip closure procedure performed in the Nijmegen Centre 
is a one-stage closure at about seven months of age. Lip closure molds 
the maxillary segments into a more proper position. Lip repair is 
associated with reconstruction of the orbicularis oris muscle, if  possible, 
recontouring of the nasal ala, and correction of the nasal deformity. The 
timing of this operation is variable, but in most centres lip and soft palate 
are closed during the first year of life. However in many instances further 
cosmetic refinement is needed at a later developmental stage. Lip repair 
can also be crucial for later midfacial development, as a tight lip could 
have a negative effect.50 Especially in BCLP patients, the one-stage 
approach has been critically evaluated.97-100
The goals for the palatal surgery are to close the communication 
between the oral and nasal cavity and to achieve velopharygeal 
competence without inhibiting maxillary growth. The surgical plan is
22
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tailored to the specific defect involved. In Nijmegen, palatal repair is 
performed as a two-stage procedure: soft palatal closure is the first-stage 
and delayed closure of the hard palate is the second stage. Soft palate 
closure is performed at about 12-18 months of age. This is considered a 
proper age for adequate speech development. The technique performed is 
a primary repair of the soft palate tissue including reconstruction of the 
levator muscle sling. The hard palate is closed at about 10 years of age 
together with a premaxillary osteotomy and reconstruction of the bony 
defect in the alveolar process with an autologous bone graft. Hard palate 
closure also has been debated for the maxillary development in all three 
dimensions.63 Early surgery is assumed to result in maxillary arch 
collapse and midfacial deficiency while a delayed intervention, when the 
growth has been completed leads to poor speech results.101
Despite palatal closure and speech therapy, some patients have still 
speech difficulties, especially velophayngeal incompetence due to 
anatomical or functional factors. This can be surgically corrected by 
applying a pharyngoplasty. This operation is performed at about 4 years 
of age or even earlier if  needed. Postoperatively, speech therapy is 
considered necessary.102
Orthodontic treatment involves guidance of facial development and 
the dental occlusion until the end of craniofacial growth. In the Nijmegen 
Cleft Palate Craniofacial Unit, this starts directly after birth and IO was 
performed as described earlier. Usually, in the deciduous dentition no 
orthodontic treatment is performed. Correction of posterior crossbites is 
employed during the mixed dentition period, and before bone grafting of 
the cleft area. Quad-Helix or removable appliances are the appliances of 
choice for the crossbite correction. After eruption of the permanent 
dentition, the definitive orthodontic treatment starts. This involves 
orthodontic fixed appliance therapy and may be performed in close 
cooperation with the maxillofacial surgeon if  orthognathic surgery is part 
o f the treatment plan or with the maxillofacial prosthodontist in case of 
(multiple) tooth agenesis. In view of the potential for relapse, especially 
in the transverse dimensions, lifetime retention is applied. A canine-to- 
canine bar, touching the anterior teeth, is used together with a Hawley 
retainer, or even a retention frame, that has to be worn life-long at night.
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1.6 Objectives of the study
Due to the low incidence of CBCLP in comparison to the rest of the cleft 
population,103 published literature on CBCLP is scarce and hence our 
knowledge of treatment outcome in patients with CBCLP is rather 
limited. Relatively few longitudinal studies on BCLP in general, as well 
as on dental arch dimensions and relationships, and craniofacial 
morphology have been published. Following patient samples 
longitudinally may provide important information regarding the impact of 
different treatment approaches on craniofacial growth and dental arch 
development. Comparing treatment outcome between cleft centres could 
elucidate the importance of factors like ethnic characteristics and specific 
treatment interventions and will give the team an insight of the 
effectiveness of their treatment.
The aim of this thesis was to compare and evaluate the treatment 
outcomes of CBCLP patients from 6 to 12 years of age, treated in three 
centres in Europe with different treatment protocols. Through this cross­
sectional and longitudinal evaluation of dental arches and craniofacial 
morphology, we are aiming to identify factors that may influence the 
final treatment outcome. The specific aims of the present study were:
• To compare and evaluate longitudinally dental arch relationships 
among three European cleft centres
• To test a newly developed BCLP yardstick that determines the 
dental arch relationships in these patients and compare this 
yardstick with the Huddart/Bodenham scoring system (HB-system)
• To determine the prevalence of tooth agenesis and patterns of 
hypodontia in a large sample of CBCLP patients
• To compare and evaluate treatment outcomes in an international 
intercentre collaboration in CBCLP patients with regard to the 
craniofacial development in a cross-sectional and longitudinal 
evaluation
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1.7 Overview of the thesis
This retrospective intercentre study was based on patient data collected 
from three European cleft centres (Gothenburg, Sweden; Nijmegen, the 
Netherlands; and Oslo, Norway).
Chapter 1 introduces the topic of CBCLP, incidence and associated 
malformations. Additionally, general characteristics of dental arch form 
and relationship and craniofacial morphology, in operated and unoperated 
CBCLP are presented. Finally, general aspects of treatment are discussed.
In Chapter 2 dental arch relationships of three cleft centres from 4.5 
to 13.5 years of age were compared and evaluated longitudinally with the 
BCLP yardstick. The three centres had various treatment protocols.
In Chapter 3 dental arch relationships of CBCLP patients were 
evaluated at 6, 9, and 12 years using two scoring systems, the 
Huddart/Bodenham system (HB-system) and the BCLP yardstick. In 
addition the predictive value of these scoring systems for treatment 
outcome was assessed.
In Chapter 4 the prevalence of tooth agenesis and patterns of 
hypodontia were evaluated in a large sample of patients with CBCLP. 
Serial panoramic radiographs were used for this assessment.
In Chapter 5 craniofacial morphology and soft tissue profile in 
patients with CBCLP was compared at 9 years of age. Patients were 
treated in two European cleft centres with different treatment protocols 
but with similar timing of delayed hard palate closure.
In Chapter 6 craniofacial morphology and soft tissue profile changes 
were compared in patients with CBCLP from 6 to 12 years of age treated 
in three European cleft centres with different treatment protocols.
In Chapter 7 the findings of the previous chapters are discussed and 
questions for further investigation are proposed.
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A longitudinal three-centre study of dental arch relationship
Summary
Objective: To compare and evaluate longitudinally dental arch 
relationships from 4.5 to 13.5 years of age with the Bauru-BCLP 
yardstick in a large sample of patients with BCLP.
Design: Retrospective longitudinal intercentre outcome study.
Patients: Dental casts of 204 consecutive patients with complete 
BCLP were evaluated at 6, 9 and 12 years of age. All models were 
identified only by random identification numbers.
Setting: Three cleft palate centres with different treatment protocols.
Main Outcome Measures: Dental arch relationships were categorized 
with the Bauru-BCLP yardstick. Increments for each interval (from 6 to 9 
years, 6 to 12 and 9 to 12 years) were analyzed by logistic and linear 
regression models.
Results: There were no significant differences in outcome measures 
between the centres at age 9 or at age 12. At age 6 centre B showed 
significantly better results (p=0.027), but this difference diminished as 
the yardstick score for this group increased over time (linear regression 
analysis), the difference with the reference category (centre C, boys) for 
the intervals 6 to 12 and 9 to 12 years being 10.4% (p=0.041) and 12.9% 
(p=0.009), respectively.
Conclusions: Despite different treatment protocols, dental arch 
relationships in the three centres were comparable in final score at age 9 
and 12. Delaying hard palate closure and employing infant orthopedics 
did not appear advantageous in the long run. Premaxillary osteotomy 
employed in centre B appeared to be associated with less favorable 
development of dental arch relationship between 9 and 12 years.
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2.1 Introduction
For complete bilateral cleft lip and palate (BCLP), a prevalence has been 
reported of 0.3 per 1000 live births, which is lower than the more 
common complete unilateral cleft lip and palate (UCLP). Only 7% of the 
entire cleft population has a complete BCLP (CBCLP);1 and therefore, 
relatively few centres may have a substantial group of patients for 
clinical research.
Facial growth is one of the key aspects of treatment outcome in cleft 
lip and palate patients, as good facial growth may result in dental arch 
relationships that require only orthodontics, rather than orthognathic 
surgery to achieve satisfactory facial appearance. However, relatively 
few longitudinal studies on BCLP in general and on dental arch 
dimensions and relationships in particular have been published. Table 
2.12-24 gives an overview of longitudinal studies on dental arch 
relationships and dental arch dimensions in operated BCLP. It shows that 
most studies have a rather small sample size. The largest longitudinal 
study on dento-alveolar dimensions in BCLP reported in the literature has 
been performed by Harding and Mazaheri.2 Their sample consisted of 80 
patients, but their follow-up time was only 3 years. In the other 
longitudinal studies reported in the literature the sample size of patients 
with BCLP ranges between 716 and 47 patients.17 Comprehensive 
longitudinal studies that follow patients with BCLP from infancy to 
adulthood are rare.18 Some longitudinal studies follow the occlusal
relationships of patients from infancy to the primary dentition;2,5,12,15,25 
whereas, others follow them from infancy7,18,19 or from primary 
dentition6,13,26 to mixed or permanent dentition. Bragger et al.,8 followed 
their patients longitudinally in the permanent dentition only.
Besides measurements of dental arch dimensions and classification 
of occlusal relationships, several methods for rating dental arch 
relationships have been described. One such method for patients with 
UCLP is the Great Ormond Street London and Oslo (GOSLON) 
yardstick.27 It has been used in many studies for assessing treatment 
outcome in children with UCLP attending different centres.28,29
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Table 2.1 Longitudinal studies on dental casts in patients with BCLP.
Year Author(s) Country N Age period studied Length of 
follow-up
Consecutive
cases
Variables studied
1972 Harding and M azaheri2 USA 80 1.5 mo - 3 yrs 2.10 yrs ? UA depth and width; cleft 
width; position premaxilla
1977 Robertson et al.3 UK 8 18 d - 96 d 2.5 mo no UA depth, length, and width; 
cleft width
1983 Larson and Nilsson4 Sweden 18 deciduous- 10 yrs ? ? UA depth and width;
OJ and OB;
anterior and buccal cross bite; 
m olar occlusion
1984 W ada et al.5 Japan 15 5 mo - 4 yrs 3.7 yrs ? UA depth, length, and width; 
height palatal vault
1987 Athanasiou et al.6 USA 34
11
3 to 4 yrs - 8 to 9 yrs 4-6 yrs 
3 to 4 yrs - 12 yrs 8-9 yrs
?
? UA + LA arch depth and width
1987 Hotz et al.7 Switzerland 14 birth - 10 yrs 10 yrs yes UA depth; OJ
1991 Brägger et al.8 Switzerland 8 18.5 yrs - 26.5 yrs 8 yrs ? UA + LA arch depth and width; 
dental anomalies; OJ and OB; 
anterior and buccal cross bite; 
height palatal vault
1992,
1994,
1996
Kramer et al.9 
Kramer et al.10 
Kramer et al.11
Netherlands 10 birth - 4  yrs 3 mo yes UA depth and width; cleft width
1995 Honda et al.12 Japan 24 4 mo - 4  yrs 3.8 yrs ? UA depth and width
1997 Heidbuchel and 
Kuijpers-Jagtman13
Netherlands 22 3-17 yrs 14 yrs yes UA + LA depth and width;
OJ and OB;
anterior and buccal cross bite; 
canine and m olar occlusion
1997 Opitz and Kratzsch14 Germany 28 birth - 3  yrs 3 yrs ? UA depth and width; cleft
width;
palatal slope
1998 Heidbuchel et al.15 Netherlands 30 birth - 4  yrs 4 yrs yes UA depth, length, and width; 
cleft width
1998 Owman-M oll et al.16 Sweden 7 7 mo - 7 yrs 6.5 yrs yes UA width; cleft width, length 
and surface area
1999 M illard et a l.17 USA 47 birth- 9  yrs 9 yrs ? UA depth and width; cleft 
width;
anterior and buccal crossbite
2002 M elissaratou and 
Friede18
Sweden 16 3 mo - 16 or 19 yrs 15.9 - 18.9 yrs ? UA depth and width;
OJ and OB;
anterior and buccal cross bite; 
m olar occlusion
2002 Perlyn et al.19 USA 41 infancy - 7 to 9  yrs 7-9 yrs yes vom er position; m olar occlusion
2003 Lehner et al.20 Germany 18 0-4 yrs 3.3 yrs yes UA width
2004 Berkowitz et a l21 USA 21 3-12 yrs 9 yrs ? anterior and buccal cross bite
2004 Lisson et al.22 Germany 11 10-15 yrs 5 yrs ? OJ and OB
2006 Grabowski et al.23 Germany 24 1 mo - 17.6 yrs 17.5 yrs yes UA depth and width; cleft 
width;
OJ and OB; buccal cross bite; 
m olar occlusion
2007 Dürwald and 
Dannhauer24
Germany 17
14
birth - 11 mo 
5 - 11 mo
11 mo 
6 mo
?
?
vertical position o f premaxilla 
and lateral segments
(mo: months, yrs: 
overbite)
years, d: days, UA: upper arch, LA: lower arch,. OJ: overjet, OB:
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For BCLP such a yardstick has been developed only recently, named 
Bauru-BCLP yardstick30,31 and data from intercentre comparative studies 
are not available yet.
The aim of this study was to compare and evaluate longitudinally 
dental arch relationships from 4.5 to 13.5 years of age with the Bauru- 
BCLP yardstick in a large sample of patients with BCLP attending three 
centres with different treatment protocols.
2.2 Subjects and M ethods
2.2.1 Subjects
Three cleft centres participated in this study: Gothenburg (Sweden), 
Nijmegen (The Netherlands) and Oslo (Norway). The treatment protocols 
of the three centres are given in Table 2.2. Dental casts of 204 
consecutively treated patients with CBCLP were evaluated. The inclusion 
criteria were as follows: CBCLP with a diagnosis confirmed by the 
preoperative written records, neonatal pictures of the face, and/or casts 
taken preoperatively (patients with Simonart's band(s) were included 
only if no hard tissue union was present; the side of the Simonart's band 
was indicated); Caucasian ethnic background; no associated congenital 
malformations, syndromes or mental retardation; treatment from birth 
onwards in the same centre; and born before 1996, in order that subjects 
would be aged at least 11 years of age at the time of the study.
The dental casts were divided into three age groups according to 
dental developmental stages (primary, mixed, and early permanent 
dentition). The age groups were as follows: the 6-year group (range, 4.5­
7.49 years), the 9-year group (range, 7.5-10.49), and the 12-year group 
(range, 10.5-13.5). Table 2.3 shows the number of available dental casts, 
the mean age, and the distribution of patients according to centre and age 
period. Data was also available regarding gender and date of birth.
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Table 2.2 Treatment protocols (primary procedures fo r  lip, alveolus, and palate) 
fo r  patients with a CBCLP from birth until 12 years o f  age o f  the cleft palate centres 
in this study.
Timing Centre A Centre B Centre C
Birth Infant orthopedics, 
duration 1.5 years 
nose plugs, 
duration 2.5 years
Infant orthopedics with 
extra-oral strapping, 
mean duration 
9.2 months
3 months Bilateral lip adhesion, 
mean age 3.3 months
Straight-line lip closure and 
hard palate closure on one 
side,
mean age 3.4 months
6 months Soft palate closure 
(centre’s own 
technique), 
mean age 8.5 months
O ne-stage lip closure 
(modified Manchester), 
mean age 7.2 months
Straight- line lip closure and 
hard palate closure on the 
other side,
mean age 4.9 months
12 months M odified Von 
Langenbeck 
soft palate closure, 
mean age 13.8 months
18 months Definitive bilateral lip 
and nose repair (cen­
tre ’s own technique), 
mean age 18 months
Von Langenbeck soft palate 
closure,
mean age 19 months
4 years Von Langenbeck hard 
palate closure 
(before 1975), 
mean age 3.8 years
9 years One side alveolar bone 
grafting (tibia), 
mean age 8.0 years
Hard palate closure 
with alveolar bone 
grafting o f second side, 
mean age 8.5 years
Hard palate closure and 
bilateral alveolar bone 
grafting (chin) (after 
1975) and osteotomy of 
the premaxilla, 
mean age 9.9 years
Bilateral alveolar bone 
grafting (iliac crest), 
mean age 9.9 years
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2.2.2 Methods
In this retrospective study, the principles of the Declaration of Helsinki 
with regard to research in human subjects were followed. All models 
were cast in white plaster and identified only by random identification 
numbers attached to the base.
Dental arch relationships were categorized according to the Bauru- 
BCLP yardstick. The Bauru-BCLP yardstick is a GOSLON-type 
yardstick that assesses dental arch relationship in terms of 
anteroposterior, transverse, and vertical discrepancies in persons with
28,30,31BCLP. , , The assessment involves allocating the casts to one of five 
categories defined by written guidelines and by exemplar reference casts 
of the different categories. The yardstick has 6-, 9-, and 12-year versions 
with appropriate examples for each stage.
Figure 2.1 The Bauru-BCLP yardstick fo r  assessing dental arch relationships in 
BCLP patients (for grade 1 to 5, one exemplar reference).
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The scores 1 (excellent results) and 2 (good results) represent the 
most favorable dental arch relationships. Patients in this category would 
be treated by orthodontic treatment alone. Patients scored 3 usually have 
an edge to edge apical base relationship and require more complex 
orthodontic treatment to correct the malocclusion. Score 4 (poor results) 
is given to patients who require complex orthodontic treatment, probably 
in combination with orthognathic surgery. A very poor dental arch 
relationship is scored as 5, which represents the patients who require 
orthognathic surgery. Figure 2.1 shows an exemplar case for each 
category of the yardstick. In the Bauru-BCLP yardstick for the 12-year 
group, scores 1 and 2 are combined, as the occlusal status of some 
patients may have been improved by permanent dentition orthodontic 
treatment, while other patients still awaited this.
Table 2.3 Number o f  dental casts, mean age and SD and mean Bauru-BCLP score 
and sd, overall and per centre, fo r  each age group separately.
Age (years) Bauru-BCLP Score
Age group
n Mean sd Mean sd
Overall
6 200 6.26 0.71 2.29 0.55
9 204 9.39 0.81 2.38 0.64
12 181 12.42 0.79 2.50 0.78
Centre A
6 56 6.82 0.58 2.42 0.68
9 50 9.68 0.74 2.37 0.71
12 40 12.92 0.46 2.49 0.70
Centre B
6 37 6.02 0.50 2.20 0.45
9 42 8.95 0.61 2.26 0.45
12 40 12.26 0.78 2.72 0.97
Centre C
6 107 6.04 0.67 2.26 0.50
9 112 9.43 0.85 2.43 0.67
12 101 12.29 0.83 2.41 0.71
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The total number of dental casts rated was 585 (Table 2.3). The 
dental casts were scored independently by eight orthodontists, divided 
into two groups of four observers (group A and B). The observers were 
blinded for centre and treatment protocol. All observers were calibrated 
before the scoring sessions took place. Each group of observers scored 
half of the material (293 sets of dental casts). The scores of the four 
observers were averaged, and a mean score was used throughout the 
analysis. In total, 52 models were scored by both teams, to allow 
determination of the intergroup agreement (Table 2.4).
Table 2.4 Intergroup reliability between two groups o f  observers.
Age
group
No. of 
duplicates
Mean
differences
Test for difference* 
95%
Confidence 
interval of 
difference
p  value Duplicatemeasurement
error
Reliability
6 16 -0.05 [ -0.17, 0.07 ] 0.423 0.16 0.91
9 15 -0.13 [ -0.31, 0.05 ] 0.135 0.23 0.72
12 21 -0.15 [ -0.26, -0.05 ] 0.006 0.16 0.92
*Results of Mann Whitney U test.
2.2.3 Statistical analysis
In the Bauru-BCLP yardstick grades, 1 and 2 are combined for the 12- 
year group for the reasons given above. For the statistical analysis, this 
was also done for the 6- and 9-year age groups to make the scores 
comparable with the 12-year group.
To assess the agreement between group A and group B, a paired t 
test was done on both mean scores. The duplicate measurement error was 
calculated as the standard deviation of the mean difference divided by V2. 
The intergroup reliability was calculated as the Spearman correlation 
coefficient.
For each age group, three pairs of centres can be compared. This 
comparison is done using the Mann-Whitney U test.
To analyze the increments of the Bauru-BCLP yardstick for each 
interval (from 6 to 9 years, 6 to 12 years and from 9 to 12 years), two 
types of regression models were made. For all nominal variables in a
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regression model, reference categories have to be chosen. Here, the 
largest centre (C) was chosen. With regard to gender, also the biggest 
group (boys) was chosen as the reference category.
First, a logistic regression model was built with the dichotomous 
variable “score did increase” as dependent variable. Indepen dent 
variables were the score at the beginning of interval, the centre at which 
the patient was treated, and the patient's gender. Year of birth was used 
to analyze a secular trend, that is, whether the chance of having or not 
having the minimal score of “2” depends on year of birth. To allow 
adjustment for deviation from the ages at which the model was made 
from the intended age (i.e., 6, 9 and 12 years), the age at which the 
models were made at the start and at the end of the interval was included 
as covariates in the regression model. Second, linear regression was 
applied to analyze the size of the increment in the score. Since the 
distribution of the scores was skewed, the ln-transformed scores were 
used as dependent variables. The same independent variables, except year 
of birth, were used as in the logistic models.
2.3 Results
2.3.1 Measurement Error
The intergroup reliability between the two groups of observers was high, 
correlation coefficients being 0.93 for the 6-year group, 0.89 for the 9- 
year group, and 0.96 for the 12-year group (Table 2.4). The mean 
differences between the scores of group A and B ranged from 0.05 to
0.15 point. Group B had a tendency to score higher indicating less 
favorable results in the 12-year-old group than group A (^=0.006) but the 
difference was small (0.15 point).
2.3.2 Treatment outcome
Table 2.3 shows the means and standard deviations of the Bauru-BCLP 
scores per centre and for each age group. The mean score for the 6-year 
group was significantly lower (more favorable) in centre B than in centre
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A (p=0.027). Among the two older age groups there were no significant 
differences in the mean scores between the three centres.
Table 2.5 displays the results from the logistic regression analysis 
for the yardstick score. For all three intervals, none of the independent 
variables reached statistical significance at the 0.05 level. Therefore, it 
can be concluded that none of the variables (score at baseline, centre, and 
gender) have a statistically significant influence on the chance of an 
increase in the Bauru-BCLP scores.
Table 2.5 Logistic regression analysis fo r  stability in mean score at three intervals 
(6 to 12, 9 to 12 and 6 to 9 years).*
Interval 6 to 12
Effect on stability
Variable p value OR 95% CI for OR
Score at 6 0.810 0.92 [0.47, 1.79]
Centre is B 0.066 2.23 [0.95, 5.22]
Centre is A 0.098 2.39 [0.85, 6.71]
Gender (m=0; f=1) 0.448 0.74 [0.33, 1.63]
Interval 9 to 12
Score at 9 0.737 1.10 [0.62, 1.97]
Centre is B 0.227 1.69 [0.72, 3.94]
Centre is A 0.597 1.30 [0.49, 3.44]
Gender (m=0; f=1) 0.680 0.85 [0.38, 1.88]
Interval 6 to 9
Score at 6 0.555 0.78 [0.34, 1.78]
Centre is B 0.384 0.66 [0.26, 1.68]
Centre is A 0.476 0.65 [0.20, 2.10]
Gender (m=0; f=1) 0.271 0.61 [0.26, 1.47]
*Odds ratios used “Centre C, boy" as reference category. (CI = confidence interval; 
OR = odds ratio.
The results of the linear regression are found in Table 2.6. For all 
three intervals, a higher score at the start of the interval leads to a smaller 
increase o f the score during the interval. The effect is an approximately 
10% smaller increase if the score at the beginning of the interval is 
enlarged by 1, p  values for these effect are 0.002 or smaller. In addition, 
children treated in centre B have a statistically larger increase in the
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yardstick score for the intervals 6 to 12 years and 9 to 12 years, with the 
difference, with the reference category (centre C) being 10.4% (p=0.041) 
and 12.9% (p=0.009) respectively.
The year of birth has no effect on the Bauru-BCLP scores, since the 
linear regression shows p values for this effect of 0.232, 0.437, and 0.114 
for the age groups 6, 9 and 12 years, respectively.
Table 2.6 Linear Regression analysis fo r  increments at three intervals (6 to 12, 9 
to 12 and 6 to 9 years).*
Interval 6 to 12 Effect on increment!
Variable p value estimate 95% CI
Score at 6 0.002 -10.4% [-16.4%, -4.0% ]
Centre is B 0.041 10.4% [ 0.4%, 21.3% ]
Centre is A 0.528 3.5% [ -7.0% , 15.1% ]
Gender (m=0; f=1) 0.974 -0.1% [ -8.0% , 8.4% ]
R2=0.107 
Interval 9 to 12
Score at 9 0.000 -11.3% [ -16.1%, -6.2% ]
Centre is B 0.009 12.9% [ 3.1%, 23.7% ]
Centre is A 0.205 6.0% [ -3.2%, 16.0% ]
Gender (m=0; f=1) 0.335 3.9% [ -3.9%, 12.4% ]
R2=0.147 
Interval 6 to 9
Score at 12 0.000 -9.8% [ -14.2%, -5.1% ]
Centre is B 0.250 -4.2% [ -10.9%, 3.1% ]
Centre is A 0.949 0.2% [ -6.9%, 7.9% ]
Gender (m=0; f=1) 0.526 -1.9% [ -7.6%, 4.1% ]
R2=0.129
*Deviations from increment in reference category (Centre C, boy); m=male; 
f=female). Bold values indicate variables that are reaching statistical significance 
(p<0.05).
2.4 Discussion
In this longitudinal study, the development of dental arch relationships in 
BCLP was evaluated in three different centres. As can be seen from Table 
2.1, the present study has the largest sample size (n=204) reported in the 
literature and mainly covers the age range from 6 to 12 years (age range
4.5 to 13.5 years). Few studies cover the same age period longitudinally
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(Table 2.1), and comparisons are difficult as a newly developed yardstick 
for assessment of dental arch relationships for patients with BCLP has 
been used in the present study. The interobserver reliability was high and 
the duplicate measurement error small (Table 2.4), and they were 
comparable to the reliability of the GOSLON yardstick.32-35
The dental arch relationship is an important indicator of adequate 
facial growth and quality of the final treatment outcome. All centres 
showed comparable results regardless of the different treatment protocols 
that were followed. In this sample, the average treatment outcome for 
dental arch relationships between 6 and 12 years appears to be rather 
good, with only slightly increasing scores when the patients grew older. 
A longer term study of this sample will give us a more complete 
assessment of the treatment outcome of these patients.
Linear regression analysis showed that a higher score at the start of 
an interval leads to a smaller increase of the score during the interval 
(i.e., dental arch relationships deteriorated less in patients with a poor 
initial relationship). Linear regression also showed that patients in centre 
B had a 12.9% larger increase in the score between 9 and 12 years of age 
than the reference centre C, representing larger deterioration of the dental 
arch relationships as measured by the Bauru-BCLP yardstick. This 
change probably reflects the change in the apical base relationship 
brought about by the osteotomy of the premaxilla as performed in all but 
two patients in centre B together with bone grafting of the alveolar clefts 
between 9 and 12 years of age. The aim of this operation is to bring the 
skeletal base of the premaxilla in a better sagittal position. In an earlier 
cephalometric study, in which seven patients of the present study were 
also included, it was shown that the SNA angle was reduced 2.02° 
(sd=4.22) by this operation.36 In a subsequent study, the same subgroup 
of patients was followed longitudinally from 6 to 20 years of age for their 
final facial growth.37 It was shown that at the age of 20 years, the earlier 
osteotomy of the premaxilla was not detrimental to later facial growth. 
Therefore, the final outcome in the present sample remains to be 
investigated when growth has ceased.
Two centres (A and B) in this study employed a treatment protocol 
including infant orthopedics and delaying hard palate closure until the
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age of 9 because of growth considerations. Although it might be possible 
that infant orthopedics had a short term beneficial effect inclusion of this 
therapy in the treatment protocol appears not to have achieved a long 
term benefit as far as dental arch relationship is concerned. This is in 
keeping with the 4- and 6-year results of a randomized trial of infant 
orthopedics in patients with UCLP.38,39 The delayed hard palate closure in 
centres A and B did not appear to be beneficial for dental arch 
relationships in the long run in comparison to centre C. As late hard 
palate closure may have a negative effect on speech,40-42 earlier closure of 
the hard palate should be considered. However, speech was not evaluated 
in the present study, as speech data collection was not standardized 
between the participating centres. Centre A has since the early 1990s 
gradually reduced the age of hard palate closure. Unfortunately, there are 
no data available from randomized clinical trials to determine the optimal 
timing for hard palate closure.
In this study, only one aspect of the total treatment outcome of these 
patients has been evaluated. Equally important aspects to be addressed 
are speech, nasolabial appearance, and cost effectiveness and burden of 
care of these patients. All but speech will be reported in subsequent 
reports.
2.5 Conclusions
Despite the use of different protocols, dental arch relationships for 
patients in the three centres were similar. Delaying hard palate closure 
and employing infant orthopedics did not appear advantageous in the 
long run, at least for the outcome studied in this investigation. 
Premaxillary osteotomy appeared to be associated with less favorable 
development of dental arch relationship between 9 and 12 years.
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Comparison of two scoring systems for treatment outcome in CBCLP
Summary
Objective: To compare two scoring systems: the Huddart/Bodenham 
system (HB-system) and the Bauru-BCLP yardstick (BCLP-yardstick), 
which classify treatment outcome in terms of dental arch relationships in 
patients with complete bilateral cleft lip and palate (CBCLP). The 
predictive value of these scoring systems for treatment outcome was also 
evaluated.
Design: Retrospective longitudinal study.
Patients: Dental arch relationships of 43 CBCLP patients were 
evaluated at 6, 9, and 12 years.
Setting: Treatment outcome in CBCLP patients using two scoring 
systems.
Main Outcome Measures: For each age group the HB-scores were 
correlated with the BCLP-yardstick scores using Spearman’s correlation 
coefficient. The predictive value o f the two scoring systems was 
evaluated by backward regression analysis.
Results: Intra-observer Kappa values for the BCLP-yardstick scoring 
for the two observers were 0.506 and 0.627, respectively, and the 
interobserver reliability was ranging between 0.427 and 0.581. The intra­
observer reliability for the HB-system was ranging from 0.92 to 0.97 and 
the interobserver reliability from 0.88 to 0.96. The BCLP-yardstick 
scores of 6 and 9 years together were predictors for the outcome at 12 
years (explained variance 41.3%). Adding the incisor and lateral HB- 
scores in the regression model increased the explained variance to 67%.
Conclusions: The BCLP-yardstick and the HB-system are reliable 
scoring systems for evaluation of dental arch relationships of CBCLP 
patients. The HB-system categorizes treatment outcome into similar 
categories as the BCLP-yardstick. In case a more sensitive measure of 
treatment outcome is needed, selectively both scoring systems should be 
used.
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3.1 Introduction
The treatment of children with bilateral complete cleft lip and palate 
(CBCLP) requires a multidisciplinary approach, which involves surgical 
and orthodontic treatment until facial growth has ceased. In this context, 
it is essential to have reliable methods for the assessment of treatment 
outcome. Dental arch relationships can be considered as a proxy for the 
underlying skeletal base relationship. To assess dental arch relationship 
in CBCLP two methods are available: the recently developed BCLP- 
yardstick,1,2 and the older Huddart/Bodenham scoring system (HB- 
system).3
For patients with unilateral cleft lip and palate (UCLP) the 
GOSLON yardstick has been developed in order to determine treatment 
outcome on dental casts classifying the patients according to severity and 
difficulty of correcting the anomaly.4 Based on the same principles the 
BCLP-yardstick had been developed for patients with CBCLP. The low 
incidence of CBCLP5 explains why such a yardstick for treatment 
outcome in BCLP has been developed only recently. The BCLP-yardstick 
is a GOSLON-type yardstick which has been adapted to the clinical 
characteristics of CBCLP patients. It assesses dental arch relationship in 
terms of antero-posterior, transverse, and vertical discrepancies.1,2 In the 
BCLP-yardstick the sagittal dental base relationship is considered the 
most important feature as it is an indicator of the treatment outcome. It 
has been reported that surgical interventions may have an effect on the 
antero-posterior relationship of the maxilla, which is reflected in a 
negative effect on the sagittal base relationship.6 As also holds true for 
the GOSLON yardstick dental compensation is taken into account as 
well. The use of the BCLP-yardstick requires orthodontists who are 
experienced in treating patients with clefts. In addition a calibration 
course is needed and reference models which correspond to the different 
categories of the yardstick have to be present during the assessments.
An alternative measurement system for dental outcome in cleft lip 
and palate patients is the HB-system.3 This scoring system, originally 
developed for the deciduous dentition, grades the bucco-palatal 
relationship in terms of frequency and severity of crossbite in the anterior
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and buccal segments in order to evaluate maxillary arch constriction. The 
HB-system takes into account the dental occlusion, neglecting the 
skeletal component. Mossey et al.7 published a modification of the HB- 
system that can be applied at any age of the developing dentition and not 
only to the primary dentition. The scoring system has been modified 
further by Heidbüchel and Kuijpers-Jagtman,8 adding extra scoring 
categories for the buccal segments (canine and molars). The advantage of 
this scoring system is that it is independent of the observers experience in 
CLP treatment. It can be applied to dental casts of any cleft type or age 
group, and it does not need the use of reference models.
For UCLP a comparative study between the GOSLON yardstick 
and the modified HB-system has been performed.7 It was shown that the 
modified HB-system correlated high with the GOSLON yardstick and it 
was more sensitive to interarch discrepancies. For BCLP such studies 
have not been performed so far. Therefore the aims of this study were:
1. to compare the reliability of two scoring systems 
(Huddart/Bodenham system with the BCLP-yardstick) in patients 
with CBCLP at three different ages
2. to evaluate the predictive value of the two scoring systems for the 
treatment outcome at 12 years of age.
3.2 Patients and methods 
3.2.1 Patients
Dental casts of consecutively treated patients with CBCLP were used. 
The patients were treated from birth on in the Cleft Palate Craniofacial 
Unit of the Radboud University Nijmegen Medical Centre, The 
Netherlands.
The inclusion criteria for the present study were as follows:
• CBCLP with a diagnosis confirmed by the preoperative written 
records, neonatal pictures of the face and/or casts of the maxilla 
taken pre-operatively. Patients with Simonart's band(s) were 
included only if  no hard tissue union was present. The side of the 
Simonart's band was indicated.
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• Caucasian ethnic background.
• No associated congenital malformations, syndromes or mental 
retardation.
• Treatment from birth onwards in the same centre.
• Born before 1996, in order that subjects would be aged at least 11 
years of age at the time of the study.
In total, 43 patients fulfilled the inclusion criteria. The treatment protocol 
is given in Table 3.1. Dental casts of the patients were divided into three 
age groups: the 6-year group (deciduous dentition; age range: 3.61-8.07 
years), the 9-year group (mixed dentition; age range: 7.95-10.36), and the 
12-year group (early permanent dentition; age range: 9.25-13.60). Table
3.2 shows the distribution of the available models according to the age 
groups.
Table 3.1 Treatment protocol (primary procedures for lip, alveolus, and palate) for  
patients with CBCLP from birth until 12 years o f  age.
Timing Treatment protocol
Birth Infant orthopedics with extra-oral strapping,
mean duration 9.2 months
6 months One-stage lip closure (modified Manchester),
mean age 7.2 months
12 months Modified Von Langenbeck soft palate closure, 
mean age 13.8 months
9 years Hard palate closure and bilateral alveolar bone
grafting (chin) and osteotomy of the premaxilla, 
mean age 9.9 years
Table 3.2 Number o f  available casts (n), mean age with standard deviation (sd), and 
age range o f  the patients per age group.
Age group n Mean age (years) sd Age range (years)
6 37 6.09 0.80 3.61- 8.07
9 41 8.95 0.61 7.95-10.36
12 40 12.15 0.89 9.25-13.60
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3.2.2 Methods
In this retrospective study, the principles o f the Declaration o f  Helsinki 
with regard to research in human subjects were followed. All models 
were cast in white plaster and identified only by random identification 
numbers attached to the base o f the models.
Dental arch relationships were categorized according to the BCLP- 
yardstick and the m odified HB-system.
The BCLP-yardstick is a GOSLON-type yardstick that assesses 
dental arch relationship in terms o f  antero-posterior, transverse, and 
vertical discrepancies in patients with CBCLP.1 The assessm ent involved 
allocating the casts to one o f five categories defined by w ritten guidelines 
and by exem plar reference casts o f  the different categories. The scores 1 
(excellent results) and 2 (good results) represented the most favorable 
dental arch relationships. Patients in this category would be treated by 
orthodontic treatm ent alone. Score 3 indicated an edge to edge apical 
base relationship and required more com plex orthodontic treatm ent to 
correct the malocclusion. Score 4 (poor results) was given to patients 
who required complex orthodontic treatm ent probably in combination 
with orthognathic surgery. A very poor dental arch relationship was 
scored 5, which represented patients who required orthognathic surgery. 
In the BCLP-yardstick scores 1 and 2 are combined in the 12-year group 
as the occlusal status o f some patients may have been improved by 
intermediate orthodontic treatm ent to correct incisor position .1,2
The same models were scored according to the modified HB- 
system .7,8 This scoring system grades the bucco-palatal relationship in 
terms o f frequency and severity o f crossbite in anterior and buccal 
segments o f the dentition.3 In the deciduous dentition, the anterior 
segment comprised the two deciduous central incisors and the buccal 
segments contained the canine, first and second deciduous molars. In the 
6-year old group, the 1st perm anent m olar was not scored, as has been 
described by Gray and M ossey.9 In the mixed and early perm anent 
dentition (9- and 12-year group) the first molars were scored but not the 
second perm anent molars.
The m odified HB-system uses 5 grades to score the bucco-palatal 
dental relationships in the incisal segment and both lateral segments.
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Each m axillary tooth receives a score depending on its position relative 
to the opposing m andibular tooth. The scores were ranging from +1 to -3 
(Figure 3.1).
Figure 3.1 Huddart-Bodenham scoring o f buccolingual dental relationships (modified 
figure from Heidbuchel and Kuijpers-Jagtman8).
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Score 1 indicated an increased bucco-palatal relationship for the 
corresponding tooth. Score 0 was given for a normal bucco-palatal 
relationship and scores -1 to -3 corresponded to increasingly severe 
crossbites.8 The same scoring system was used for the deciduous, mixed 
and early perm anent dentition. During the transitional phase either 
deciduous or corresponding perm anent teeth were scored. In case, the 
tooth was still in the eruption phase or in open bite with the antagonist, it 
was considered as fully erupted or as having contact with the antagonist 
and was evaluated accordingly. In case, a tooth was absent in the upper or 
the lower arch no score was given. The lateral incisors were not scored in 
any o f the age groups because these teeth are frequently missing in 
BCLP. The HB-score was averaged for the incisal segment and the lateral 
segments as well as for the total HB-score.
The total num ber o f dental casts rated was 118 (Table 3.2). The 
dental casts were scored independently by 2 observers (TB and CL) using 
both scoring systems. The observers were calibrated before the scoring 
sessions took place. Both observers scored the whole material with the 
HB-system twice with an interval o f 4 weeks. For the BCLP-yardstick, 
double measurements were done on 47 models randomly selected from 
all age groups by both observers, independently. The time interval 
between the double measurements was one week.
3.2.3 Statistical analysis
In the BCLP-yardstick grades 1 and 2 were combined for the 12-year 
group for the reasons given above. For the statistical analysis this was 
also done for the 6- and 9-year-age groups to make the scores comparable 
to the 12-year group. For the same reason the scores 0 and 1 o f the HB- 
system were combined.
Since the BCLP-yardstick is a categorical scale with more than two 
categories, the weighted kappa statistic was used to evaluate the level o f 
agreement between the observers. The m odified HB system consists o f 
mean scores per segment, resulting in numerical values. Therefore, for 
this scoring system, observer agreement was analyzed by the reliability 
coefficient (as calculated by the Spearm an’s correlation coefficient), the
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duplicate m easurem ent error and the paired t  test, were applied to test for 
structural differences between observers.
For each age group, the HB-scores were correlated with the BCLP- 
yardstick scores using the Spearm an’s correlation coefficient.
Backward regression analysis was applied to analyze to which 
extent the HB-scores at age 12 could be predicted from the scores at 6 
and 9. The threshold for a predictor to stay in the model was set at 
^=0.10. Regression analysis was applied also in order to assess in which 
extent additional inform ation o f the HB-system  could have a predictive 
value for the BCLP-yardstick at 12 years, compared with the predictive 
value o f BCLP-yardstick scores at 6 and 9 years. Inform ation from the 
various HB-components was added to the initial model using HB-scores 
as predictors. The model with the highest adj. R 2 was considered to be the 
optimal one.
3.3 Results
3.3.1 Measurement performance Bauru-BCLPyardstick
The intra-observer Kappa values for the BCLP-yardstick scoring for the 
two observers were 0.506 and 0.627 respectively, and the interobserver 
Kappa was ranging between 0.427 and 0.581. These values indicate a 
moderate to substantial agreem ent o f  the measurem ents o f the two 
observers.10
3.3.2 Measurement performance HB-system
The intra-observer reliability for the HB-system was high, reliability 
coefficients ranging from 0.919 to 0.972. The interobserver reliability 
was also high, reliability coefficients ranging from 0.883 to 0.964.
W ithin observers, the duplicate m easurem ent error (DME) ranged 
between 0.11 and 0.23 points for all measurements. Between observers, 
only a difference was found for the incisor score (difference=0.05 points, 
^=0.045).
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3.3.3 Dental arch relationship scores
The mean BCLP-yardstick and HB-scores and the ranges are given in 
Table 3.3. The mean HB-score was negative for all dental arch segments 
pointing to a crossbite tendency. For all teeth and all ages, the values o f 
the two scoring systems (BCLP-yardstick and HB-system) showed a 
highly significant negative correlation (Table 3.4). This implies that for 
all combinations and ages a strong relation was found between the two 
scoring systems. The negative sign o f the correlation is because in the 
HB-system a higher score indicates improvem ent while in the BCLP- 
yardstick a higher score indicatives unfavorable outcome.
Table 3.3 Descriptive statistics fo r BCLP yardstick and HB-scoring systems, number 
o f patients (n), mean score, standard deviation (sd) and range o f scores per segment and 
age group.
Segment Agegroup n Mean sd Minimum Maximum
Incisors 6 36 -0.51 0.95 -3.00 0.00
9 39 -0.64 0.92 -3.00 0.00
12 38 -1.00 1.17 -3.00 0.00
Lateral 6 37 -0.73 0.51 -2.00 0.00
HB- segments 9 39 -0.70 0.58 -2.38 0.0012 38 -0.75 0.50 -2.33 0.00scoring
system
Total 6 37 -0.78 0.48 -1.88 0.00
score 9 39 -0.74 0.58 -2.55 0.00
12 38 -0.79 0.57 -2.50 0.00
6 37 1.76 0.75 1.00 4.00
BCLP- 9 41 2.01 0.69 1.00 5.00
yardstick 12 40 2.07 1.39 1.00 5.00
It was analyzed to w hat extend the score o f a system at the beginning o f a 
time interval can predict the score at the end o f the interval. This was 
expressed using Spearm an’s correlation coefficients. In Table 3.5 the 
predictive value for treatm ent outcome o f the two scoring systems is 
presented. For the BCLP-yardstick, Spearm an’s correlation coefficients 
were highly significant for each age comparison (6-9 yrs, 6-12 yrs, and 9­
12 yrs). The predictive values for the HB-scores were highly significant 
for each age comparison for the incisor segment and o f  borderline
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significance for the total score. For the lateral segments no significant 
relation was found between the score at the beginning and at the end o f 
the intervals.
Table 3.4 Spearman correlation coefficients between the BCLP-yardstick and the 
Huddart/Bodenham (HB)-system scores.
Segment Age group n Spearman Correlation BCLP-yardstick and HB-system P
Incisors 6 35 -0.72 <0.001
9 39 -0.68 <0.001
12 38 -0.82 <0.001
Lateral 6 35 -0.60 <0.0019 39 -0.60 <0.001segments 12 38 -0.47 <0.001
6 35 -0.74 <0.001Total 9 39 -0.70 <0.001score 12 38 -0.70 <0.001
Table 3.5 Quality o f prediction between the different age groups for the BCLP- 
yardstick scores and the Huddart/ Bodenham system.
B C LP-yardstick H uddart/ Bodenham  system
Time
interval
Spearman
Correlation
Coeff P
Incisors Lateral segments Total score
Spearman
Correlation
Coeff P
Spearman
Correlation
Coeff P
Spearman
Correlation
Coeff P
6-9 0.394 0.019 0.532 0.001 0.314 0.070 0.388 0.023
6-12 0.512 0.002 0.653 0.000 0.202 0.260 0.327 0.059
9-12 0.324 0.036 0.557 0.001 0.074 0.678 0.323 0.067
Three regression models were build using the HB score o f the three 
segments (incisors, lateral, and total arch) in order to assess the overall 
ability to predict the treatm ent outcome at age 12 using information 
obtained at ages 6 and 9. First all HB-scores (incisors, lateral and total) at
6 and 9 years were used as independent variables in all three models. 
Backward linear regression was applied to retrieve only the strongest
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predictors. Table 3.6 shows the strongest predictors found for the three 
models. The high value o f adj. R2 for the incisor score shows that this 
score has the best predictive value (percentage explained variance equals 
56.3%).
Table 3.6 Backward linear regression analysis for the effect on incisor, lateral 
segment and total score o f the Huddart/Bodenham scoring system at age 12.
Effect on dependent variable
Dependent variable ~ .Predictorsat 12 years oi age p  value Regression coeff B 95% CI for B
Incisor score 
Adj. R2 = 0.563
Lateral segment score at 6 yrs 
Incisor score at 9 yrs
0.097
0.000
0.495
0.923
[-0.096, 1.085] 
[0.605, 1.240]
Lateral segment 
score
Adj. R2 = 0.228
Total score 
Adj. R2 = 0.444
Total score at 9 yrs
Lateral segment score at 6 yrs 
Lateral segment score at 9 yrs 
Total score at 9 yrs
0.005
0.093
0.010
0.000
0.445
0.301
-1.087
1.542
[0.145, 0.745]
[-0.054, 0.655] 
[-1.890, -0.283] 
[0.764, 2.320]
Table3.7 Final regression models with 
additional value o f Huddart/Bodenham (HB) 
scores at 12 years o f age.
maximum 
scores on
adj. R2 for assessment o f the 
prediction o f the BCLP-yardstick
Dependent Effect on dependent variable
variable BCLP- 
yardstick at 12 
years of age
Predictors
p  value Regression 95% CI for B 
coeff B
Adj. R2 = 0.340 BCLP-yardstick at 6y 0.002 0.967 [0.370, 1.563]
Adj. R2 = 0.203 BCLP-yardstick at 9y 0.004 0.950 [0.334, 1.565]
Adj. R2 = 0.413 BCLP-yardstick at 6y 
BCLP-yardstick at 9y
0.015
0.286
0.970
0.390
[0.202, 1.737] 
[-0.347, 1.128]
Adj. R2 = 0.670 BCLP-yardstick at 6y 
BCLP-yardstick at 9y 
Incisor HB score at 6y 
Incisor HB score at 9y 
Lateral HB score at 6y 
Lateral HB score at 9y
0.658
0.201
0.021
0.003
0.035
0.519
-0.176
-0.668
-0.760
-0.988
-0.917
-0.336
[-0.999, 0.646] 
[-1.722, 0.386] 
[-1.389, -0.131] 
[-1.582, -0.394] 
[-1.762, -0.072] 
[-1.405, 0.733]
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In contrast to the HB-system, the BCLP-yardstick gives only one 
score per age, making this analysis simpler. It was analyzed again using a 
regression model, to which extent the score at 6, the score at 9, or the 
combination o f the two can predict the score at 12 years o f age (Table 
3.7). It can be seen that using BCLP-yardstick scores at 6 and 9 only, the 
adj R2 was 0.413 for the prediction o f  the Bauru BCLP score at 12 years 
o f age. Additionally, the incisor and lateral com ponent scores o f the HB- 
system were added as predictive values to the model (Table 3.7). This 
model increased the predictive values considerably (adj. R 2=0.670). This 
means that, under the condition o f knowing the Bauru-BCLP scores at 
age 6 and 9, supplemented with the incisor and lateral components o f the 
HB scores at 6 and 9, the variability in the BCLP-yardstick score at age
12 is reduced by 67%. Adding the total HB-score did not improve the 
predictive pow er o f  the model . W hen interpreting Table 3.7, it should be 
noted that in all models with multiple predictors, these predictors are 
mutually correlated and therefore the individual p values and regression 
coefficients are not a reflection o f  the relation betw een individual 
predictors and the BCLP-yardstick score at age 12.
3.4 Discussion
This study compares the HB-scoring system with the BCLP-yardstick 
assessment. In total dental casts o f 43 patients were available for scoring. 
As can be seen from Table 3.2 for each age group some dental casts were 
missing which explains the different numbers in each age group. To 
prevent memory effects a time interval between two assessments is 
needed. It depended on the availability o f  the raters when the job could 
be done. As model scores are impossible to memorize even after a couple 
o f hours, to our opinion it does not constitute a problem that the models 
were rated one week, or 4 weeks apart.
The HB-system has been used earlier as an indicator for treatm ent 
outcomes in UCLP3,7,9,11 and CBCLP patients.8,11 The BCLP-yardstick is 
a newly developed tool for CBCLP patients and therefore there are only 
two publications available based on this to o l.1,2 The use o f the BCLP-
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yardstick requires professional judgm ent regarding the potential for 
orthodontic m anagem ent o f the interarch discrepancy. This makes the 
yardstick to some degree subjective. Reference models and a calibration 
course are absolutely necessary for the use o f this tool. The skeletal 
component and especially the antero-posterior apical base relationships 
are m ainly judged as a measure for overall treatm ent outcome rather than 
individual tooth irregularities. In case, a more detailed description o f 
treatm ent outcome o f the lateral segment is required, a rating scale such 
as the HB-system for the buccal segments is needed. This system gives an 
absolute m easurem ent o f  arch constriction but does not require an 
estimation o f  the potential for orthodontic correction. Therefore the HB- 
scoring can even be performed by observers, who are not experienced in 
cleft lip and palate treatment.
In earlier studies, the HB-system has been shown to be reliable and 
consistent.7-9,11 Its final score is derived from assessments o f  many teeth, 
and the random error is minimal in total. The BCLP-yardstick is rather a 
categorical scale. In the present study the intra- and inter-observer 
reliability for the BCLP-yardstick was moderate to substantial and for the 
HB-scoring system was substantial to almost perfect. The values for 
intra- and interobserver reliability probably reflect the subjective 
component o f the BCLP-yardstick. Good calibration sessions can reduce 
the subjective components and result in a better interobserver agreement.
Comparing the two scoring systems, we found for all age groups a 
high negative correlation between the HB-system  and the BCLP- 
yardstick ratings except for the crossbite scores in the lateral segments 
(Table 3.5). The negative correlation is attributed to the way the scales 
are organized. The worst dental relationship in the HB-system is -3 while 
in the BCLP-yardstick the worst treatm ent outcome prediction is +5. A 
high degree o f negative correlation between the two systems is observed 
especially for the incisor segment and the total score (Table 3.4). This 
shows that in these two cases the HB-system and the Bauru-BCLP- 
yardstick, though using a dissim ilar scoring system, essentially result in 
the appraisal o f treatm ent outcome. For the lateral segments the 
correlation between the HB-system and the BCLP-yardstick was lower, 
although statistically significant. This can be explained by the fact that
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when applying the BCLP-yardstick priority is given to the sagittal dental 
arch relationship. The results o f the present study suggest that a score for 
lateral crossbite could be added to the categories as identified by the 
BCLP-yardstick in case a more sensitive measure for treatm ent outcome 
is needed.
The predictive value o f both scoring systems was comparable. 
W hen using the scores at 6 and 9 years as predictors the explained 
variance for the total HB-score was 44.4%  (3.6) and for the BCLP- 
yardstick score 41.3%  (Table 3.7). The regression analysis showed that 
the explained variance for the BCLP-yardstick score at 12 years o f age 
increased to 67% when HB-scores were added in the analysis (Table 3.7). 
This shows that scoring o f the bucco-lingual relationships as an adjunct 
to the BCLP-yardstick has added value when predictions are made.
3.5 Conclusions
The BCLP-yardstick and the HB-system can be applied reliably to dental 
casts o f  CBCLP patients for the evaluation o f  treatm ent outcome in the 
deciduous, mixed and early perm anent dentition. The HB-system  is 
capable to categorize treatm ent outcome into sim ilar categories as the 
BCLP-yardstick. In case a more sensitive measure o f treatm ent outcome 
is needed, selectively both scoring systems should be used.
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Tooth agenesis patterns in bilateral cleft lip and palate
Summary
Individuals with cleft lip and palate present significantly more dental 
anomalies, even outside the cleft area, than do individuals without clefts. 
Our aim was to evaluate the prevalence o f tooth agenesis and patterns o f 
hypodontia in a large sample o f patients with complete bilateral cleft lip 
and palate (CBCLP). Serial panoramic radiographs (the first radiograph 
at age 10.5-13.5 years o f age) o f 240 patients with CBCLP (172 males, 
68 females) were examined. Third molars were not included in the 
evaluation. Agenesis o f at least one tooth was present in 59.8% o f 
patients. Upper laterals and upper and lower second premolars were 
missing most frequently. Using the Tooth Agenesis Code (TAC), 52 
different agenesis patterns were identified, o f  which simultaneous 
agenesis o f  12, 22, 15, 25, 35, and 45 was the m ost frequent pattern. Nine 
o f the 240 patients showed combined CBCLP and oligodontia.
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4.1 Introduction
The prevalence o f tooth agenesis (excluding third molars) in the general 
population differs according to continent and gender and ranges from 3.2 
to 5.5% for men and 4.6 to 7.6% for w om en.1 The m andibular second 
prem olar is the tooth most commonly affected (2.91-3.22% ), followed by 
the m axillary lateral (1.6-1.8% ) and the m axillary second prem olar (1.4­
1.6%). In patients with cleft lip and palate (CLP), as well as in their n o n ­
affected siblings, tooth agenesis is more common than in the general 
population,2 which can be explained by the close relationship between 
tooth and cleft formation with respect to developmental tim ing and 
anatomical location. The m axillary lateral incisors are the teeth most 
commonly missing in the cleft area, with prevalence ranging from 56.1 to 
74% .3,4 The prevalence o f tooth agenesis outside the cleft region in cleft 
patients is 27% ,2,5 with the second premolars being affected most o ften .5,6
The frequency o f dental anomalies seems to be linked to the 
severity o f the cleft m alform ation.2,7 In the most severe type o f non- 
syndromic clefts, complete bilateral cleft lip and palate (CBCLP), the 
prevalence o f missing teeth reaches 100%.8 However, little data are 
available for this type o f  cleft. Table 4.1 provides an overview o f existing 
studies on bilateral cleft lip and palate (BCLP). In general, sample sizes 
o f studies concerning the perm anent dentition are small, ranging from 10 
to 125, and often involved other cleft types in addition to BCLP. The 
most frequently missing single teeth in patients with BCLP are the 
m axillary lateral incisors.9-11 Furthermore, few studies have identified 
tooth agenesis patterns as opposed to reporting the prevalence o f single 
missing teeth ,3,11,12 and only one study determined tooth agenesis patterns 
for the entire dentition, but the sample size was sm all.12 Pattern 
recognition o f tooth agenesis is important as careful subphenotyping o f 
CLP patients based on dental developm ent characteristics m ight identify 
cleft subgroups, which could help to determine specific genetic 
contributions and identify disease-causing alleles.5
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Table 4.1 Overview o f studies reporting the prevalence o f tooth agenesis in patients 
with BCLP in which the whole dentition or only specified areas were considered.
Author(s) Country total m Age (yr) Affected Area
MostMost commonly commonly Prev observed missing observed % teeth and frequency patterns oftooth agenesis
1963 B o e h n  12 Denmark 53 35 18 6-10 Norway 23 Whole 43.4 12 (18/42 = 42.9%) 12, 22 dentition 22 (13/42 = 30.9%) 15, 2525 (15/53 = 28.3%) 35, 45 15 (11/53 = 20.7%)35 (6/53 = 11.3%)45 (6/53 = 11.3%)
1967 W e is e  & Germany 28
E r d m a n n 18
1970 F is h m a n 9
1972 B y l o f f - 
C l a r  & 
D r o s c h l 1
USA
Austria
19761988
1992
H a r in g 8 USA
C a r r e t e r  Nether-
o  Q u e z a d a  lands et al. 19
Su z u k i et Japanal.3
1995 V ic h i & Italy 
F r a n c h i20
13
25
2.1-17.10
11-36
10 8 2 3.6-12.8 31 22 9 6.5-8.75
54 ? ? ? 5.2-19.8
23 ? ? Primary & permanent dentition
1
21
1023
34
16
Wholedentition
WholedentitionWholedentition
Cleft areaWholedentition
UpperlateralincisorsUpperincisors
7.7
84
10074.2
12 (13/28 = 46.4%) 22 (16/28 = 57.1%) 15 (3/28 = 10.7%) 25 (3/28 = 10.7%) 35 (2/28 = 7.14%) 45 (2/28 = 7.14%)
12, 22 (7.3%)
22 (64%)12 (36%)15, 25 (28%)45 (12%)35 (8%)12 or 22 (100%)?
No data
No data 
No data
12, 22 No data
12 (33/54 = 61.1%) 12, 22 (26/54 = 22 (34/54 = 63%) 58.1%)
12 and/or 22 (69.6%) No data
2007
2008
L e t r a  et al.5
M e n ez e s  & V ie ir a 6
2008 T o r t o r a  et al.11
Brazil
USA
Italy
125
41
29a
22 19
9-59
Longitudin al series fromprimary or earlymixed into permanent 6.2-15
33 Whole 26.4 ? No datadentition11 Outside 26.9 15 (10/41 = 24.4%) 15, 25 (6/41 = cleft area 25 (6/41 = 14.6%) 14.6%)35 (1/41 = 2.4%)45 (2/41 = 4.9%)
Upper ? 12 and/or 22 (45%) (15 and/or 25incisors 15 and/or 25 (25%) andand 35 and/or 45 14 or 24)premolars (23.3%) (35 and/or 45and 34 or 44)
n: number o f  individuals; m: male; f:  fem ale; yr: year; Prev: prevalence. Only n = 9 in the 
perm anent dentition.
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Therefore the aim o f this study was to investigate the prevalence o f 
agenesis for each tooth type and to identify hypodontia patterns in 
patients with CBCLP.
4.2 Material and methods
4.2.1 Participants
The study comprised radiographs o f 240 patients with CBCLP from the
Cleft Palate Centres in Gothenburg (Sweden), Nijm egen (The
N etherlands), and Oslo (Norway). Inclusion criteria were as follows:
• Non-syndrom ic CBCLP; diagnosis confirmed by the p re­
operative record or by neonatal pictures and/or study models. 
Patients with Simonart s band(s) were included only if  no hard 
tissue union was present.
• No other associated congenital m alform ations, or mental 
retardation.
• Caucasian ethnic background.
• At least 11 year o f age when data was collected. The data collection 
o f  the three cleft palate centres had covered the following time 
span: Oslo 1969-2008, Nijm egen 1970-2008, and Gothenburg 
1980-2008.
4.2.2 Methods
Radiographs, made according to the routine clinical procedure o f each 
CLP centre, were selected from the patient files. Each radiograph was 
allocated a random identification number. No additional radiographs were 
taken. A t least three panoram ic radiographs (OPTs), taken at different 
ages o f the patients, were available for each patient. Congenitally missing 
teeth were identified on OPTs and were verified by dental records to 
exclude premature extractions. Third molars were not included in the 
assessment. All radiographs were scored by one observer (TB). Sixty 
radiographs were scored twice to assess intra-observer reliability. For 
assessing interobserver reliability, the same 60 radiographs were scored 
by 3 observers.
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The method developed by van W ijk and T an13 was used to describe 
patterns o f tooth agenesis. A binary system was applied to establish 
unique numbers associated with different patterns o f tooth agenesis; the 
scoring was dichotomized as presence (0) or absence (1) o f teeth. A 
specific value was assigned to each m issing tooth type. The values were 
summed for each quadrant, giving a unique value for each pattern o f 
hypodontia, the so-called Tooth Agenesis Code (TAC). According to the 
TAC, a certain quadrant without tooth agenesis would have a TAC value 
o f 0 and a quadrant with complete tooth agenesis would have a TAC o f 
255 (Table 4.2 shows the TAC coding system). The overall TAC score 
was used to identify patterns o f  tooth agenesis for the entire mouth. For 
example, when TA C=100.123.038.001, the num ber 100 corresponds to 
the first quadrant, 123 to the second, 038 to the third, and 001 to the 
fourth.14
This research has been conducted in full accordance with ethical 
principles, including the W orld M edical Association Declaration o f 
Helsinki.
Table 4.2 Schematic representation o f the human dentition and application o f the13binary system used to assign unique values to the pattern o f tooth agenesis.
Maxilla right (Q1) Maxilla left (Q2)
A 18f 17 
B 128 64 
A 48f 47
16
32
46
15
16 
45
14
8
44
13 12 11 
4 2 1 
43 42 41
21
1
31
22
2
32
23
4
33
24
8
34
25
16
35
26
32
36
Mandible right (Q4) Mandible left (Q3)
27 28f 
64 128 
37 38f
Line A: Tooth numbering according to the Fédération Dentaire Internationale (FDI) tooth 
numbering system, fo r  maxilla (upper) and  mandible (lower). Line B: Values associated with 
missing teeth. Q l, Q2, Q3, Q4: F irst to fo urth  quadrants o f  the dentition. fN o t included in this 
study.
4.2.3 Statistical analysis
Intra-observer and interobserver agreements were calculated using kappa 
statistics (Table 4.3 describes the reliability statistics). Tooth counts and 
percentages were used to characterize tooth agenesis. The chi-square test
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(Fisher’s exact test) was used to evaluate the relationship between the 
prevalence o f agenesis and other dichotomous variables, such as gender, 
left/right quadrant, and upper/low er jaw.
Table 4.3 Kappa values for intra- and interobserver agreement for each tooth in the 
upper and lower arches; corresponding teeth in the right and left quadrants were 
combined.
Corresponding
teeth^
Intra-observer
agreement
Interobserver agreement
Maxilla
7 0.00 1.00
6 1.00 0.00
5 0.87 0.72
4 0.66 0.65
3 1.00 0.67
2 0.80 0.64
1 0.90 0.28
Mandible
7 0.00 0.00
6 0.00 0.00
5 0.92 0.96
4 0.00 0.00
3 0.00 0.00
2 0.66 0.39
1 0.49 -0.1
fTeeth were numbered according to the Fédération Dentaire Internationale (FDI) system.
4.3 Results
4.3.1 Prevalence
Records from 240 patients with BCLP (68 female patients and 172 male 
patients) were evaluated. According to data provided by the centres, a 
num ber o f patients were excluded because o f  ethnicity (six patients form 
Gothenburg cleft centre, four patients from Nijm egen cleft centre, and 
seven patients from Oslo cleft centre). The mean age o f  the patients at 
initial recorded examination was 12.4 years (range 10.5-13.5 years). 
Agenesis o f at least one tooth was found in 59.8% o f patients. The 
num ber o f missing teeth ranged from 1 to 11 (Table 4.4, 4.5).
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Oligodontia, defined as agenesis o f  6 or more teeth, was found in nine 
patients (3.75%) (Table 4.4, 4.5).
Table 4.4 Tooth agenesis code (TAC), frequency and percentage o f TAC, 
corresponding missing teeth, and number (n) o f missing teeth in the whole mouth.
TAC Frequency % Tooth / teeth missing n
0.0.0.0 96 40.0% none 0
2.2.0.0 25 10.4% 12, 22 2
2.0.0.0 19 7.9% 12 1
0.2.0.0 14 5.8% 22 1
0.16.0.0 5 2.1% 25 1
16.16.0.0 5 2.1% 15,25 2
18.18.0.0 5 2.1% 12,15, 22, 25 4
16.0.0.0 4 1.7% 15 1
18.18.16.16 4 1.7% 12,15, 22, 25, 35, 45 6
18.2.0.0 4 1.7% 12,15, 22 3
0.18.0.0 3 1.2% 22, 25 2
16.2.0.0 3 1.2% 15, 22 2
2.18.0.0 3 1.2% 12, 22, 25 3
0.0.0.16 2 0.8% 45 1
0.0.16.0 2 0.8% 35 1
0.0.16.16 2 0.8% 35, 45 2
0.0.2.0 2 0.8% 32 1
0.16.16.16 2 0.8% 25, 35, 45 3
0.2.2.0 2 0.8% 22, 32 2
1.0.0.0 2 0.8% 11 1
16.16.16.0 2 0.8% 15, 25, 35 3
16.18.16.16 2 0.8% 15,12, 25, 35, 45 5
2.2.16.16 2 0.8% 12, 22, 35, 45 4
Total 210 88%
Table 4.6 shows the prevalence o f agenesis according to tooth type. 
The teeth most commonly absent were upper laterals and upper and lower 
second premolars. No difference in the num ber o f m issing teeth between 
the left and right quadrant o f the same jaw  was observed (chi square test, 
lowest p=0.123). Because o f  this high level o f symmetry and the 
corresponding increase in statistical power, right and left quadrants were 
not distinguished when the relationship between gender and tooth 
agenesis patterns was analyzed; no relationship between gender and tooth 
agenesis pattern was found (chi square test, p  >0.307).
W hether absence o f a tooth in one quadrant was related to the 
absence o f the corresponding tooth in the other quadrant was also
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evaluated. This relationship was statistically significant for 13 o f 14
combinations (p<0.001-0.21); however, this relationship was not 
statistically significant for the lower central incisors (p=1.0), reflecting 
the low prevalence o f  agenesis o f  lower central incisors.
Table 4.5 Thirty unique tooth agenesis code (TAC) patterns (frequency 1, 0.4%) with 
corresponding missing tooth/teeth, and number (n) o f missing teeth per patient.
TAC Frequency % Tooth/teeth missing n
0.16.0.16 1 0.4% 25, 45 2
0.2.0.16 1 0.4% 22, 45 2
0.2.1.0 1 0.4% 22, 31 2
0.2.16.16 1 0.4% 22, 35, 45 3
0.26.0.0 1 0.4% 22, 24, 25 3
0.8.0.0 1 0.4% 24 1
1.2.0.0 1 0.4% 11, 22 2
12.8.8.8 1 0.4% 22, 24, 34, 44 4
16.16.0.16 1 0.4% 15, 25, 45 3
16.16.16.16 1 0.4% 15, 25, 35, 45 4
16.16.8.8 1 0.4% 15, 25, 34, 44 4
16.18.0.0 1 0.4% 15, 22, 25 3
16.24.16.16 1 0.4% 15, 24, 25, 35, 45 5
18.18.17.16 1 0.4% 12, 15, 22, 25, 31, 35, 45 7
18.18.64.64 1 0.4% 12, 15, 22, 25, 37, 47 6
18.2.16.16 1 0.4% 12, 15, 22, 35, 45 5
2.0.0.16 1 0.4% 12, 45 2
2.0.16.0 1 0,4% 12, 35 2
2.18.0.16 1 0.4% 12, 22, 25, 45 4
2.2.0.16 1 0.4% 12, 22, 45 3
2.2.0.64 1 0.4% 12, 22, 47 3
2.2.2.2 1 0.4% 12, 22, 32, 42 4
22.22.4.4 1 0.4% 12, 13, 15, 22, 23, 25, 33, 43 8
24.16.0.0 1 0.4% 14, 15, 24 3
24.20.16.16 1 0.4% 14, 15, 23, 25, 35, 45 6
24.24.0.0 1 0.4% 14, 15, 24, 25 4
64.64.0.0 1 0.4% 17, 27 2
65.0.0.0 1 0.4% 11, 17 2
8.0.0.0 1 0.4% 14 1
90.66.72.73 1 0.4% 12, 14, 15, 17, 22, 27, 34, 37, 41, 43, 47 11
Total 30 12%
The difference in the prevalence o f  tooth agenesis for upper and lower 
arches was significant only for the second premolars (p=0.001) and 
lateral incisors (p<0.001). These teeth were missing more often in the 
m axilla than in the mandible.
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Table 4.6 Prevalence o f absence per tooth type (percentage) in 240 patients with 
complete bilateral cleft lip and palate (CBCLP).
Maxilla right (Q1) Maxilla left (Q2)
1.2% 0.0% 
7 6 
1.2% 0.0%
17.5%
5
10.8%
2.5%
4
1.2%
0.8%
3
0.4%
30.4% 1.7% 
2 1 
0.4% 0.4%
0.0% 34.2% 
1 2 
0.8% 2.1%
0.8%
3
0.4%
2.1%
4
1.2%
18.8%
5
9.6%
0.0% 0. 
6 7 
0.0% 0.
Mandible right (Q4) Mandible left (Q3)
Teeth are numbered 1 to 8 p er  quadrant (Q) according to the Fédération D entaire Internationale 
(FDI) system. aN ot included in this study.
Table 4.7 Frequency and percentage o f tooth agenesis patterns (TAC) per quadrant 
(Q1, Q2, Q3, Q4).
TAC Tooth type Q1 Q2 Q3 Q4n % n % n % n %
0 None 136 56.7 133 55.4 206 85.8 207 86.2
1 I1 3 1.2 0 0 1 0.4 0 0
2 I2 55 22.8 58 24.1 5 2.1 1 0.4
4 C 0 0 0 0 1 0.4 1 0.4
8 P1 1 0.4 2 0.8 2 0.8 2 0.8
12 C+P1 1 0.4 0 0 0 0 0 0
16 P2 21 8.7 19 7.9 22 9.1 26 10.8
17 I1+P2 0 0 0 0 1 0.4 0 0
18 I2+P2 16 6.6 21 8.7 0 0 0 0
20 P2+C 0 0 1 0.4 0 0 0 0
22 P2+C+I2 1 0.4 1 0.4 0 0 0 0
24 P2+P1 3 1.2 2 0.8 0 0 0 0
26 P2+P1+I2 0 0 1 0.4 0 0 0 0
64 m 2 1 0.4 1 0.4 1 0.4 2 0.8
65 M2+I1 1 0.4 0 0 0 0 0 0
66 M2+I2 0 0 1 0.4 0 0 0 0
72 M2+P1 0 0 0 0 1 0.4 0 0
73 M2+P1+I1 0 0 0 0 0 0 1 0.4
90 M2+P2+P1+I2 1 0.4 0 0 0 0 0 0
Total 240 100.0 240 100.0 240 100.0 240 100.0
I i:  central incisor, I2:, lateral incisor, C: canine, P: premolar, M: molar, subscript 1: first, 
subscript 2: second.
8 8
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4.3.2 Tooth agenesis patterns
The frequency and percentage o f tooth agenesis patterns per quadrant are 
given in Table 4.7. Full mouth data for frequency and percentage o f TAC, 
corresponding missing teeth, and num ber o f m issing teeth are presented 
in Table 4.4 and Table 4.5. M axillary lateral and/or m axillary or 
m andibular second premolars were involved in 20 o f 22 patterns o f 
agenesis (Table 4.4). The m andibular lateral incisor was involved in only 
two patients (0.8%). Ultimately, 30 unique patterns (frequency 1) were 
observed (Table 4.5). In addition to the m axillary lateral incisors and the 
second premolars, m axillary and m andibular central incisors, first 
premolars, and second molars were involved in the unique patterns.
4.4 Discussion
The prevalence o f CBCLP has been reported to be 0.3 per 1000 live 
births, which is lower than the prevalence for the more common complete 
unilateral cleft lip and palate (UCLP). Only 7% o f the entire population 
with cleft disorders has CBCLP,15 therefore, only few centres are likely 
to have a group o f patients large enough for clinical research. As seen in 
Table 4.1, the present study has the largest sample size (n=240) yet 
reported in the literature.
Serial radiographs were evaluated for each patient. In addition, 
patients' files were checked to reduce bias regarding delayed dental 
developm ent and to differentiate between agenesis and extractions for 
orthodontic purposes. In addition, the age group o f the patients included 
in this study (10.5-13.5 years) was selected specifically to prevent 
m isdiagnosis o f tooth agenesis in cases o f late m ineralization, particularly 
o f the m andibular second premolar. Late m ineralization o f these teeth, in 
children 10 years o f age, has been observed in the normal population.16 A 
delay in tooth formation o f up to 0.7 years has been reported for patients 
with cleft disorders relative to non-cleft controls.17
The range o f intra-observer and interobserver kappa values was 
0.0-1.0, representing strength o f agreement from extremely poor to 
alm ost perfect. The low kappa values for some teeth  are explained by the
86
Tooth agenesis patterns in bilateral cleft lip and palate
fact that the kappa values is influenced by trait prevalence. Agenesis was 
very rare for some teeth, in which cases the kappa becomes instable. A 
single disagreem ent in scoring between two observers could determine 
w hether the kappa value is 1.0 or 0.0.
The literature contains scant data on tooth agenesis in patients with 
CBCLP. The entire perm anent dentition was considered in only six other 
studies (Table 4.1, area: whole dentition) with sample sizes ranging from
13 to 125 patients.5,9,10,12,18,19 Five other studies considered tooth agenesis 
in specific areas, mainly upper laterals and upper and lower 
prem olars.3,6,8,11,20 To our knowledge, only one other study has 
considered tooth agenesis patterns for the entire dentition.12 In the present 
study, the m ost common pattern per quadrant was a combination o f 
m axillary agenesis o f the lateral incisor and the second prem olar in the 
same quadrant (Q1: 6.6%; Q2: 8.7%; Table 4.7). Patterns for the entire 
mouth (described in Table 4.4 and 4.5) were mainly patterns o f upper 
laterals with upper and lower second premolars in all different 
combinations. M axillary lateral incisors were the teeth m ost often 
missing in this BCLP group (Q1: 30.4%; Q2: 34.2%; Table 4.7); these 
frequencies are somewhat lower than those reported for sm aller samples 
o f patients with BCLP (Table 4.1) but much higher than the prevalence o f 
1.6-1.8% for the non-cleft population.1 By contrast, the prevalence o f 
agenesis o f lower second premolars in the present study (Q3: 9.1%; 
Q4:10.8%) (Table 4.7) was three times higher than that in the normal 
population (2.9-3.2%). This has clinical consequences for the orthodontic 
treatm ent o f these patients because the dental complications associated 
with the cleft anomaly do not seem to be restricted to the maxilla.
Three m ain factors m ight contribute to the increased prevalence o f 
tooth agenesis in the BCLP patients. First, it has been hypothesized that 
specific surgical procedures, such as early periosteoplasty21 or neonatal 
closure o f the hard palate,22,23 m ight influence tooth form ation because a 
lower prevalence o f tooth agenesis was found in non-operated individuals 
with clefts.24 However, other studies have reported that surgical 
interventions do not seem to affect tooth agenesis.17 Although none o f the 
centres involved in the present study employed these procedures, it 
cannot be ruled out that surgery m ight influence tooth developm ent in the
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maxilla. Second, the absence o f the lateral incisor mesially and/or distally 
o f the cleft could be the result o f  tissue insufficiency in the medial nasal 
and/or m axillary process during embryological developm ent.25 Third, it is 
possible that teeth in the region o f the alveolar cleft are sensitive to 
developmental disturbances, resulting in anom alies o f number, shape and 
size.12,26 However, the high prevalence o f agenesis outside the cleft area 
points to a common genetic background for hypodontia and clefts.
It has been proposed that a precise description o f  dental 
subphenotypes in orofacial clefts would be useful for identifying the 
genes responsible for clefts and hypodontia as well as for relating the 
specific dental phenotype to a specific gene m utation.5 So far, only 
tendencies for genotype-phenotype correlations between mutations in 
MSX1 and PAX9, and specific tooth agenesis patterns in families 
demonstrating M endelian segregation have been found.27 A review o f 
recent advances in the understanding o f CLP occurrence listed all 24 
MSX1 m utations found to date and their consequences;28 only one 
mutation was associated with a combination o f autosom al-dom inant CLP 
and oligodontia syndrom e.7 The agenesis pattern in the large Dutch 
family in the latter study consisted m ainly o f combinations o f upper 
laterals with upper and lower second premolars, as was also found in the 
present study. Therefore, the MSX1 gene should be considered as a 
candidate gene for mutation analysis in the subpopulation o f  patients with 
combined BCLP/oligodontia phenotype in our sample. Also, the IRF6 
locus appears to contribute to rare syndromic phenotypes (van der W oude 
syndrome) as well as to more common isolated forms o f  CLP and to the 
very common tooth agenesis phenotype.29
Genetic interactions between genes relevant for orofacial cleft 
formation and tooth agenesis have already been reported for IRF6  and 
MSX1, for MSX1 and TGFB3,28 and for MSX1 and TGFA.30 As it can be 
assumed that failure o f  one or several biological mechanisms (like 
cellular proliferation, differentiation, apoptosis, and adhesion) can lead to 
cleft form ation as well as tooth agenesis in early craniofacial 
development, these three types o f interactions with the MSX1 
transcription factor pathway add to the hypothesis that some genes or 
gene loci may contribute to both clefts and dental anom alies.31 Thus,
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especially in the combined BCLP-oligodontia phenotypes, genetic 
analysis should be perform ed together with accurate assessm ent o f tooth 
agenesis patterns in order to further disclose more and specific 
susceptibility loci for BCLP and to find common genetic pathways in 
palatogenesis and tooth formation.
4.5 References
1. Polder BJ, Van't Hof MA, Van der Linden FP, Kuijpers-Jagtman AM. A meta­
analysis of the prevalence of dental agenesis of permanent teeth. Community 
Dent Oral Epidemiol 2004;32:217-26.
2. Eerens K, Vlietinck R, Heidbuchel K, Van Olmen A, Derom C, Willems G, 
Carels C. Hypodontia and tooth formation in groups of children with cleft, 
siblings without cleft, and nonrelated controls. Cleft Palate Craniofac J  
2001;38:374-8.
3. Suzuki A, Watanabe M, Nakano M, Takahama Y. Maxillary lateral incisors of 
subjects with cleft lip and/or palate: Part 2. Cleft Palate Craniofac J  
1992;29:380-4.
4. Shapira Y, Lubit E, Kuftinec MM. Hypodontia in children with various types of 
clefts. Angle Orthod 2000;70:16-21.
5. Letra A, Menezes R, Granjeiro JM, Vieira AR. Defining subphenotypes for oral 
clefts based on dental development. J  Dent Res 2007;86:986-91.
6. Menezes R, Vieira AR. Dental anomalies as part of the cleft spectrum. Cleft 
Palate Craniofac J  2008;45:414-9.
7. van den Boogaard MJ, Dorland M, Beemer FA, van Amstel HK. MSX1 
mutation is associated with orofacial clefting and tooth agenesis in humans. Nat 
Genet 2000;24:342-3.
8. Haring FN. Dental development in cleft and noncleft subjects. Angle Orthod 
1976;46:47-50.
9. Fishman LS. Factors related to tooth number, eruption time, and tooth position 
in cleft palate individuals. ASDC J  Dent Child 1970;37:303-6.
10. Byloff-Clar H, Droschl H. Zahnzahl und Zahnformen bei Lippen- Kiefer­
Gaumenspalten. Fortschr Kieferorthop 1972;33:417-46.
89
Chapter 4
11. Tortora C, Meazzini MC, Garattini G, Brusati R. Prevalence of abnormalities in 
dental structure, position, and eruption pattern in a population of unilateral and 
bilateral cleft lip and palate patients. Cleft Palate Craniofac J  2008;45:154-62.
12. Boehn A. Dental Anomalies in Harelip and Cleft Palate. Acta Odontol Scand 
1963;21:Suppl 38:31-109.
13. van Wijk AJ, Tan SP. A numeric code for identifying patterns of human tooth 
agenesis: a new approach. Eur J  Oral Sci 2006;114:97-101.
14. Creton MA, Cune MS, Verhoeven W, Meijer GJ. Patterns of missing teeth in a 
population of oligodontia patients. Int JProsthodont 2007;20:409-13.
15. Sivertsen A, Wilcox A, Johnson GE, Abyholm F, Vindenes HA, Lie RT. 
Prevalence of major anatomic variations in oral clefts. Plast Reconstr Surg 
2008;121:587-95.
16. Cunat JJ, Collord J. Late-developing premolars: report of two cases. J  Am Dent 
Assoc 1973;87:183-5.
17. Ranta R. A review of tooth formation in children with cleft lip/palate. Am J  
OrthodDentofacial Orthop 1986;90:11-8.
18. Weise W, Erdmann P. [Abnormalities of the number and shape of teeth in the 
premanent dentition in cheilognathopalatoschisis]. Zahnarztl Rundsch 
1967;76:357-72 contd.
19. Carretero Quezada MG, Hoeksma JB, van de Velde JP, Prahl-Andersen B, 
Kuijpers-Jagtman AM. Dental anomalies in patients with familial and sporadic 
cleft lip and palate. J  Biol Buccale 1988;16:185-90.
20. Vichi M, Franchi L. Abnormalities of the maxillary incisors in children with 
cleft lip and palate. ASDC J  Dent Child 1995;62:412-7.
21. Hellquist R, Ponten B. The influence of infant periosteoplasty on facial growth 
and dental occlusion from five to eight years of age in cases of complete 
unilateral cleft lip and palate. Scand J  Plast Reconstr Surg 1979;13:305-12.
22. Kraus BS, Jordan RE, Pruzansky S. Dental abnormalities in the deciduous and 
permanent dentitions of individuals with cleft lip and palate. J  Dent Res 
1966;45:1736-46.
23. Dixon DA. Defects of structure and formation of the teeth in persons with cleft 
palate and the effect of reparative surgery on the dental tissues. Oral Surg Oral 
M ed Oral Pathol 1968;25:435-46.
24. Lekkas C, Latief BS, ter Rahe SP, Kuijpers-Jagtman AM. The adult unoperated 
cleft patient: absence of maxillary teeth outside the cleft area. Cleft Palate 
Craniofac J  2000;37:17-20.
90
Tooth agenesis patterns in bilateral cleft lip and palate
25. Hovorakova M, Lesot H, Peterkova R, Peterka M. Origin of the deciduous 
upper lateral incisor and its clinical aspects. J  Dent Res 2006;85:167-71.
26. Hansen K, Mehdinia M. Isolated soft tissue cleft lip: the influence on the nasal 
cavity and supernumerary laterals. Cleft Palate Craniofac J  2002;39:322-6.
27. Vieira AR. Oral clefts and syndromic forms of tooth agenesis as models for 
genetics of isolated tooth agenesis. J  Dent Res 2003;82:162-5.
28. Vieira AR. Unraveling human cleft lip and palate research. J  Dent Res 
2008;87:119-25.
29. Vieira AR, Modesto A, Meira R, Barbosa AR, Lidral AC, Murray JC. 
Interferon regulatory factor 6 (IRF6) and fibroblast growth factor receptor 1 
(FGFR1) contribute to human tooth agenesis. Am J  M ed Genet A 
2007;143:538-45.
30. Jugessur A, Lie RT, Wilcox AJ, Murray JC, Taylor JA, Saugstad OD, Vindenes 
HA, Abyholm FE. Cleft palate, transforming growth factor alpha gene variants, 
and maternal exposures: assessing gene-environment interactions in case-parent 
triads. Genet Epidemiol 2003;25:367-74.
31. Vieira AR, McHenry TG, Daack-Hirsch S, Murray JC, Marazita ML. Candidate 
gene/loci studies in cleft lip/palate and dental anomalies finds novel 
susceptibility genes for clefts. Genet M ed  2008;10:668-74.
91

C h a p te r  5
A two-centre study on facial morphology in 
patients with complete bilateral cleft lip and 
palate at nine years of age
T heodosia  N. B artze la  
C hristos K atsaros 
E w ald  B ronkhorst 
Sara R izell
D em etrios H alazonetis 
A nne M arie  K u ijpers-Jag tm an
Int J  Oral Maxillofac Surg 2Qll; Apr 5:[Epub ahead o f  print]

A two-centre study on facial morphology at 9 years of age
Summary
Aim o f this study was to compare craniofacial morphology and soft tissue 
profile in patients with complete bilateral cleft lip and palate at 9 years o f 
age, treated in two European cleft centres with delayed hard palate 
closure but different treatm ent protocols. Cephalometric data o f 83 
consecutively treated patients were compared (Gothenburg, n=44; 
Nijmegen, n=39). In total 18 hard tissue and 10 soft tissue landmarks 
were digitized by one operator. To determine the intra-observer reliability 
20 cephalograms were digitized twice with a m onthly interval. Paired t-  
test, Pearson correlation coefficients and multiple regression models were 
applied for statistical analysis. Hard and soft tissue data was 
superimposed by the Generalized Procrustes Analysis. In Nijmegen, the 
m axilla was protrusive for hard and soft tissue values (p= 0.001, p=0.030 
respectively) and the m axillary incisors were retroclined (p<0.001), 
influencing the nasolabial angle, which was increased in com parison with 
Gothenburg (p=0.004). In conclusion, both centres showed a favorable 
craniofacial form at 9-10 years o f age, although there were significant 
differences in the m axillary prominence, the incisor inclination and soft 
tissue cephalom etric values. Follow-up o f these patients until facial 
growth has ceased, may elucidate components for outcome improvement.
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5.1 Introduction
A favourable facial morphology is one o f the key aspects o f  treatm ent 
outcome in cleft lip and palate patients. Many studies have addressed this 
topic for patients with unilateral cleft lip and palate, but relatively few 
cephalom etric studies on patients with complete bilateral cleft lip and 
palate (CBCLP) have been published.
Table 5.1 Overview o f studies that show cephalometric data ofpatients with CBCLP at 
9 to 10 years.
Authors Year Country Design Conse­cutive Target group ntarget Comparison ncomp Variables studied
Krogman et al.8 1982 USA CS retro ? BCLP centre’s protocol 22 UCLPCPO
45
50
lateral cephalogram hard tissue
Peat10 1982 NewZealand CCT ? BCLP infant orthopedics 14 BCLP no infant orthopedics 12 lateral cephalogram hard tissue
Vargervik13 1983 USA CS retro no CBCLP nopremaxillarysetback
17 CBCLP nopremaxillarysetback
12 lateral cephalogram hard tissue
Semb11 1991 Norway CS retro ? CBCLPcentre’sprotocol
57 CUCLP 5 to 18 yrs centre's protocol
45 to 60 frontal and lateral hard and soft tissue
Heidbuchel at al.6 1994 Netherlands CS retro no BCLP centre’s protocol 16 CBCLP Oslo 90 lateral cephalogram hard and soft tissue
Gaukroger at al.4 2002 UK;Norway CS retro ? BCLP centre’s protocol 13 CBCLP Oslo 26 lateral cephalogram hard and soft tissue
Silvera et al.12 2003 Japan CS retro no BCLP two stagepalatoplasty,Hotz plate
10 BCLP differenttreatmentprotocols
11 frontal and lateral hard and soft tissues
Lisson et alt9 2005 Germany no BCLP centre’s protocol 11 UCLPnon-cleft controls
12
20
lateral cephalogram hard tissue
Gnoinski and Rutz5 2009 Switzerland CS retro yes BCLP centre’s protocol 29 BCLP 5, 15, 19 yrs centre's protocol
29 lateral cephalogram hard and soft tissueHolst et al.7 2009 Germany CS retro ? BCLP centre’s protocol 21 UCLPnon-cleft controls
52
53
lateral cephalogram hard tissue
CS: case series, CCT: controlled clinical trial not randomized, retro: retrospective study CUCLP: 
complete unilateral cleft lip and palate CPO: cleft palate only, n target: number o f  patients in the 
target group, n comp: number o f  patients in the comparison group. fLisson et al. (2005)9 is a 
double publication o f  Lisson et al (2004),14 therefore only one has been included.
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This is probably due to the low incidence o f CBCLP in comparison to the 
rest o f the cleft population.1 For patients with unilateral cleft lip and 
palate (UCLP), cephalom etric studies revealed a pattern o f consistency in 
the results at age 12 and 17, with ratings at age n ine.2 Therefore, age 9 to 
10 was indicated as target age for assessm ent o f facial growth in the 
record guideline specifications o f the Eurocleft p roject.3 For CBCLP only 
10 studies could be identified that report cephalom etric data at the target 
age. Table 5.1 gives an overview o f these studies.4-14
Only one study presented in the literature on CBCLP at the age o f 9 ­
10 years had a sample size o f over 50 patients: the largest sample at this 
age is the sample o f Oslo with 57 patients.11 In the other studies the 
sample size ranges from 119 to 29.5 Some o f the studies in Table 5.1 are 
longitudinal observational studies, following their sample from 1 m onth8 
until adulthood, and presenting data at 9 years o f age.5,6,11,13 Certain 
studies compared their group with normative data o f a non-cleft 
population,6,7,11-14 or with the protocols o f  other centres.4,6 In other 
studies, different treatm ent approaches w ithin the same cleft centre were 
com pared.5,10,12,13 CBCLP patients' skeletal developm ent was compared 
with UCLP patients in yet other studies.7-10
From the published literature we conclude that our knowledge o f 
facial m orphology in patients with CBCLP is very limited and potentially 
biased, as sample sizes are small and in all but one study, cases were not 
reported consecutively. Only two intercentre studies have been performed 
in which outcome o f CBCLP patients was com pared.4,6 Delayed hard 
palate closure was not a topic in these studies.
This study aims to compare craniofacial m orphology o f patients with 
complete bilateral cleft lip and palate patients (CBCLP) at 9 years o f age, 
consecutively treated in two European cleft centre with different 
protocols but with sim ilar tim ing o f  delayed hard palatal closure. It 
examines the hypothesis that treatm ent outcome for craniofacial 
morphology at the two centre is the same.
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5.2 Material and methods
5.2.1 Subjects
Two cleft centres participated in this study: Gothenburg (Sweden, centre 
A) and Nijm egen (The Netherlands, centre B). Table 5.2 shows the 
treatm ent protocols o f the two centre. Lateral cephalogram s o f 83 
consecutively treated patients with CBCLP from these two centres who 
were around 9 years o f age were evaluated (Gothenburg nA=44, 33 males,
11 females; Nijm egen nB=39, 34 males, 5 females).
Table 5.2 Treatment protocols (primary procedures for lip, alveolus, and palate) for 
patients with a complete bilateral cleft lip and palate from birth until 10 years o f age o f  
the cleft palate centres in this study.
Age Centre A* Centre Bf
Birth Infant orthopedics, 
duration 1.5 years 
nose plugs, 
duration 2.5 years
Infant orthopedics with extra-oral 
strapping,
mean duration 9.2 months
3 months Bilateral lip adhesion, 
mean age 3.3 months
6 months Soft palate closure 
(centre's own technique, 
mean age 8.5 months
One-stage lip closure (modified
Manchester),
mean age 7.2 months
12 months Modified Von Langenbeck 
soft palate closure, 
mean age 13.8 months
18 months Definitive bilateral lip and nose 
repair (centre’s own technique), 
mean age 18 months
4 years 
9 years One side alveolar bone 
grafting (tibia), 
mean age 8.0 years.
Hard palate closure with alveolar
bone grafting of second side, 
mean age 8.5 years
Von Langenbeck hard palate 
closure (before 1975), 
mean age 3.8 years.
Hard palate closure and bilateral 
alveolar bone grafting (chin) 
(after 1975) and osteotomy of the 
premaxilla, 
mean age 9.9 years
*Centre A: Gothenburg, fCentre B: Nijmegen.
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The inclusion criteria were as follows:
• CBCLP with a diagnosis confirmed by the preoperative 
written records, neonatal pictures o f  the face and/or casts taken pre- 
operatively.
• Patients with Sim onart's band(s) were included only i f  no hard 
tissue union was present. The side o f the Sim onart's band was 
noted.
• Caucasian ethnic background.
• No associated congenital malformations, syndromes or mental 
retardation.
• Treatm ent from birth onwards in the same centre.
• Age ranging from 8 to 10 years o f age.
• Born before 1996.
5.2.2 Methods
Lateral cephalograms were available, taken in centric occlusion and 
oriented to the Frankfurt horizontal plane. The cephalograms o f both 
centres were scanned on a 12-bit scanner (R2 Im ageChecker M5000 DM, 
R2 Technology, Inc., Sunnyvale, CA, USA) at 150 dpi.
All cephalograms were digitized with a commercially available 
software program for cephalom etric analysis (Viewbox 3/ dHAL 
Software, Kifissia, Greece). The cephalometric reference points (18 hard 
and 10 soft tissue landmarks) used in the study are shown in Figure 1. 
From these landmarks, 21 cephalom etric variables were calculated. To 
avoid errors due to m agnification differences between the two centres 
only angular measurements and one ratio were used.
All cephalograms were digitized by one operator (TB). To determine 
the m easurem ent error, 20 randomly selected cephalograms were 
digitized twice by the same operator with a time interval o f 1 months.
To visualize the average craniofacial m orphology for each centre, 
superimposition o f the tracings was done using the Generalized 
Procrustes Analysis, which is based on minimizing the square distances 
between corresponding points and scaling all tracings to a common size. 
According to this method there are no reference structures (such as the 
cranial base) preferred for the superim position.15'17
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5.2.3 Statistical analysis
Statistical analysis was performed with SPSS 16.0 software (Chicago, IL, 
USA). Paired t tests were used to calculate systematic differences 
between the first and second digitization. The reliability coefficients 
between the two measurements were calculated as Pearson correlation 
coefficients. M ultiple regression models were applied for the estimation 
o f the effect o f age o f  the cephalom etric radiograph in relation to the 
operations o f the m axilla mentioned.
Figure 5.1 Reference points on the profile cephalometric radiographs.
Skeletal reference points: S=Sella. The geometric center o f  the Sella turcica. 
N=Nasion. The most anterior point at the frontonasial suture. ANS=Anterior nasal spine. 
A=Point A. The deepest point on the anterior contour o f  the 
upper alveolar process. As=Apex superius. The apex o f the root o f the upper 
central incisor. Ls=Incision superius. The incisal edge o f the most prominent 
upper incisor. Li=Incision inferius. The incisal edge o f the most prominent lower incisor. 
Ai=Apex inferius. The apex o f the root o f  lower central incisor. B=Point B. The deepest 
point o f the anterior contour o f the lower alveolar process. P=Pogonion. The most anterior 
point o f the mandibular symphysis. Gn=Gnathion. The most anterior inferior point o f  the 
bonny chin. Me=Menton. The most inferior point o f the mandibular symphysis. Go=Gonion 
point. Most posterior inferior point on the angle o f the mandible. Mtp=Mandibular Tangent 
Posterior. The most posterior inferior point on the outline o f  the mandibular body. 
R=Ramus point. The most posterior-inferior point o f  the mandibular ramus. Ar=Articulare. 
The constructed point at the intersection o f  the images o f  the posterior margin o f  the ramus 
and the outer margin o f the cranial base. Ba=Basion. The lowest point on the anterior 
margin o f  the foramen magnum in the median plane. Pm=Pterygo-maxillare. The 
intersection o f  the nasal floor and the apex o f  the pterygomaxillary fissure.22 
Soft tissue reference points: n=Soft tissue nasion. The deepest point on the 
frontonasal curvature. an=Anterior nasalis. The most prominent point on the
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nose tip. sn=Soft tissue subnasale. The point o f  intersection between the base o f  the nose 
and upper lip o f  soft tissue. ss=Soft tissue subspinale. The point o f greatest concavity in the 
midline o f the upper lip. ls=Labrale superius. The most prominent point o f the upper lip. 
li=Labrale inferius. The most prominent point o f the lower lip. sm=Soft tissue supramentale. 
The point o f  the greatest concavity in the midline o f the lower lip. pg=Soft tissue pogonion. 
The most prominent point on the soft tissue o f  the chin. gn=The most anterior inferior point 
o f the soft tissue chin. me Soft tissue menton. The lowest point on the lower border o f  the 
mandible.
Reference lines: SN=Nasion-Sella line. NL=Nasal line. The line through 
pterygo-maxillare (Pm) and anterior nasal spine (Ans). ILs=Axis o f  upper incisors. Ili=Axis 
o f lower incisors. ML=Mandibular line. The tangent o f the lower border o f the mandible 
through menton (Me) and Mandibular Tangent Posterior (Mtp). RL=Ramus line. The line 
through articulare( Ar) and ramus point (R). E-line=Esthetic line. The line through soft 
tissue anterior nasalis (an) and soft tissue pogonion (pg).
Hard tissue angles: SNA, SNB, ANB, SNPg, ILs-NL, ILs-SN, ILi-ML, ILs-ILi=interincisal 
angle, SN-NL, SN-ML, NL-ML, N-S-Ba, RL-ML=Gonial angle.
Soft tissue angles: S-n-an, S-n-ss, S-n-sm, S-n-pg, n-an-pg, an-sn-ls=Nasolabial 
angle, n-sn-pg.
In the multiple regression model, centre and gender were also included as 
independent variables to investigate their effect on cephalometric 
outcome. Differences in overall craniofacial shape were tested for 
significance by perm utation tests on Procrustes distances between group 
means.
5.3 Results
5.3.1 General
The mean age o f  the Gothenburg sample was 10.03±0.19 years (range 
9.15-10.50) and o f the Nijm egen sample 8.98±0.51 years (range 7 .95­
10.36). In Gothenburg, 4 cephalograms were taken before hard palate 
closure, while in 40 patients, the cephalograms were taken after hard 
palate closure. In Nijmegen, in 32 patients the cephalometric radiographs 
were taken before hard palate closure with prem axillary osteotomy and in
7 patients after this surgical procedure.
The intra-observer duplicate m easurem ent error for all cephalometric 
variables was w ithin acceptable limits. The reliability coefficient ranged 
between 0.60 and 0.94 for all measurements. The method error analysis 
showed that one variable (Post-A nter FH) showed a significant difference 
(p=0.013) between the first and second digitization o f the radiographs, 
for this reason this variable was excluded from further analysis.
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5.3.2 Cephalometric variables
Means and standards deviations (sd) for hard and soft tissue 
cephalom etric variables from the two centres are presented in Table 5.3. 
The m axilla was significantly more forward in N ijm egen compared with 
Gothenburg, resulting in an increased ANB angle. Angle NL-M L was 
also increased for Nijmegen. The increased NL-M L value observed in 
N ijm egen was compensated for the decreased NSL-NL angle. The upper 
incisors o f Nijm egen were significantly retroclined and the interincisal 
angle was increased compared with Gothenburg. Am ongst the soft tissue 
variables, only Snss and the nasolabial angle were significantly different 
among the two centres.
Table 5.3 Mean and standard deviation (sd) o f hard and soft tissue measurements o f 
the cephalograms o f Gothenburg and Nijmegen at 9 years o f age.
Hard tissue variables Centre A* Centre B^
Mean sd Mean sd p  value
SNA 82.00 3.78 85.40 5.09 0.001
SNB 74.80 3.91 74.07 4.36 0.421
ANB 7.21 2.72 11.11 2.51 <0.001
SNPg 75.76 3.99 74.60 4.23 0.195
NSL-NL 13.52 3.57 10.02 4.48 0.000
NSL-ML 36.27 5.06 37.04 5.60 0.394
NL-ML 22.76 4.60 27.24 5.33 <0.001
ILS-SN 81.76 13.56 66.51 12.16 <0.001
ILS-NL 95.28 12.60 76.52 11.37 <0.001
Interincisal angle 151.96 14.13 168.14 16.03 <0.001
ILI-ML 90.00 6.99 88.09 8.21 0.250
RL-ML 134.73 5.10 137.20 5.02 0.028
NSBa 132.92 4.99 132.00 5.72 0.421
Soft tissue variables
Snan 107.85 5.45 108.55 4.90 0.540
Snss 89.33 4.32 91.50 4.55 0.030
Snsm 80.79 4.70 80.75 3.96 0.950
S-n-pg 82.16 5.11 82.15 3.73 0.990
nanpg 138.59 5.04 138.35 5.09 0.810
nsnpg 163.50 7.57 160.02 6.03 0.810
Nasolabial angle 120.35 15.45 130.53 16.00 0.004
*(Centre A: Gothenburg, nA=44)  ^ (Centre B: Nijmegen, nB =39) (N: overall number o f  patients 
p er  centre). A ll variables in degrees0.
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In the regression model (Table 5.4), the effects o f centre, gender and 
age o f patients at the tim ing o f hard palate closure for Gothenburg and 
the time o f hard palate closure with prem axillary osteotomy for N ijm egen 
were estimated simultaneously. The effect o f any o f  the above m entioned 
variables and its statistical significance are corrected for the influence o f 
the other two variables. As can be seen in Table 5.4, timing o f hard palate 
closure for Gothenburg and tim ing o f hard palate closure plus 
prem axillary osteotomy for N ijm egen had no significant effect on any o f 
the cephalom etric outcomes. The values o f ILS-SN, ILS-NL and 
interincisal angle (Table 5.4) were significantly affected by centre and 
gender (for example patients from Nijm egen had an approximately 17.3 
degrees lower ILS-SN compared with children in Gothenburg and in 
girls, the ILS-SN was 7 degrees larger than in boys).
Figure 5.2 Mean tracings illustrating craniofacial morphology in patients with CBCLP 
at 9 to 10 years o f age from Gothenburg (blue line, nA=44 ) and Nijmegen 
(red line, nB= 39).
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Table 5.4 Multiple regression model o f cephalometric variables as dependent 
variables and the independent variables (centre, gender, age o f hard palate closure 
(HPC) (centre A: Gothenburg) and hard palate closure with premaxillary osteotomy 
(HPC+O) (centre B: Nijmegen) in relation to the timing at which the cephalogram was 
taken).
Cephalometric
variables
Centre 
(A=1, B=2)
Gender 
(m=0, f=1)
Timing o f surgery (HPC+O) or (HPC) in relation to 
cephalogram.
Surgery after cephalogram=0 
Surgery before cephalogram=1
Hard tissue 
variables R2 Const. Beta p Beta (95% CI) Beta p Beta (95% CI) Beta p Beta (95% CI)
SNA 0.132 77.58 3.86 0.013 [0 .83 , 6 .89 ] 0.13 0.918 [-2.33, 2.58] 0.59 0.696 [-2.41, 3.60]
SNB 0.008 75.64 -0.79 0.579 [-3.61, 2.03] 0.16 0.887 [-2.12, 2.45] 0.11 0.937 [-2.91, 2.69]
ANB 0.389 1.94 4.65 < 0.001 [2 .86 , 6 .45 ] -0.04 0.959 [-1.49, 1.41] 0.70 0.433 [-1.07, 2.48]
SNPg 0.021 76.63 -1.03 0.469 [-3.83, 1.78] -0.09 0.940 [-2.36, 2.18] 0.20 0.887 [-2.58, 2.98]
NSL-NL 0.163 16.44 -3.24 0.021 [-5.99, -0.50] 0.15 0.895 [-2.07, 2.37] 0.31 0.819 [-2.41, 3.04]
NSL-ML 0.016 37.46 -0.02 0.992 [-3.62, 3.58] 0.09 0.950 [-2.82, 3.01] 1.33 0.460 [-4.91, 2.24]
NL-ML 0.183 21.02 3.22 0.060 [-0 .14 , 6 .59 ] -0.06 0.967 [-2.78, 2.67] 1.65 0.329 [-4.98, 1.69]
ILS-SN 0.304 100.69 -17.29 < 0.001 [-25 .89 , -8 .70 ] 7.00 0.049 [0.04, 13.96] 3.89 0.367 [-12.41, 4.64]
ILS-NL 0.422 117.13 -20.53 < 0.001 [-28 .50 , -12 .57 ] 7.15 0.030 [0.70, 13.60] 3.57 0.371 [-11.47, 4.33]
Interincisal angle 0.286 130.84 18.91 < 0.001 [9 .03 , 28 .80 ] -9.33 0.023 [-17.33, -1.32] 5.20 0.294 [-4.60, 15.01]
ILI-ML 0.030 91.01 -1.60 0.537 [-6.75, 3.55] 2.23 0.289 [-1.93, 6.40] 0.01 0.996 [-5.09, 5.12]
RL-ML 0.092 135.57 1.04 0.544 [-2.36, 4.50] -2.16 0.122 [-4.91, 0.59] 1.48 0.384 [-4.86, 1.89]
NSBa 0.056 127.93 1.73 0.336 [-1.83, 5.30] 1.30 0.371 [-1.58, 4.19] 3.27 0.069 [-0.26, 6.81]
Soft tissue
variables
Snan 0.019 105.33 1.59 0.371 [-1.93, 5.12] -1.09 0.449 [-3.94, 1.76] 1.36 0.441 [-2.13, 4.86]
Snss 0.063 86.38 2.56 0.095 [-0.46, 5.58] -0.69 0.576 [-3.13, 1.75] 0.64 0.669 [-2.35, 3.64]
Snsm 0.001 81.14 -0.20 0.896 [-3.19, 2.79] 0.16 0.892 [-2.26, 2.59] 0.22 0.882 [-3.19, 2.74]
S-n-pg 0.001 82.15 0.01 0.992 [-3.08, 3.11] -0.38 0.766 [-2.88, 2.13] 0.11 0.945 [-2.97, 3.18]
nanpg 0.017 141.77 -1.60 0.316 [-4.77, 1.56] 0.12 0.927 [-2.44, 2.68] 1.80 0.257 [-4.94, 1.39]
nsnpg 0.067 169.50 -4.65 0.050 [-9.29 , -0 .01 ] 0.10 0.956 [-3.65, 3.86] 1.56 0.501 [-6.17, 3.04]
Nasolabialangle 0.128 100.17 15.00 0.006 [4 .45 , 25 .56 ] -4.34 0.316 [-12.89, 4.21] 7.08 0.182 [-3.39, 17.56]
B old  values indicate variables that are reaching statistical significance (p<0.05).
O f the other cephalom etric variables, in SNA, ANB, NL-M L, nsnpg and 
nasiolabial angle, a statistically significant relation was found only with 
centre. The highest R 2 was found for ILS-NL with a value o f 0.422. This 
indicates that 42% o f the variability o f  ILS-NL is explained by the three 
variables centre, gender and timing o f  surgical procedure in com parison 
to cephalogram intake.
The results o f superimposition o f the average craniofacial 
morphology for each centre are shown in Figure 5.2. A perm utation test 
(10,000 perm utations) showed that these shapes were significantly 
different from each other (p<0.001). Significant differences were also 
observed when assessing the hard tissues and the soft tissues separately.
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5.4 Discussion
Craniofacial morphology o f patients with CBCLP at 9-10 years o f age 
was evaluated based on cephalometric findings in a series o f consecutive 
patients treated in two centres. This is a retrospective study and as such, 
there may be biases and disadvantages in com parison with prospective 
studies. From the results o f case series studies with a retrospective 
design, it is difficult to draw conclusions regarding treatm ent protocols 
since many confounding factors m ight be involved. In a randomized 
controlled trial (RCT), factors such as surgical techniques, tim ing o f 
operations and skills o f the surgeon can be standardized between the 
groups, eliminating factors that may have an effect on facial 
developm ent.10 Among the earlier relevant studies (Table 5.1) only one is 
a controlled, but not randomized, prospective clinical tr ia l.10 There are 
several reasons for the lack o f well controlled studies in CBCLP. It has 
been reported that only 7% o f the entire cleft population has a non- 
syndromic CBCLP.1 I f  a cleft palate unit has on average 40 cleft patients 
per year it will have about 3 to 4 CBCLP patients. In order to collect 40 
patients for a study an intake period o f 10 years is needed, and for a 
follow-up o f these patients until the age o f 10, another 10 years are 
necessary. The total time estimated for such an investigation is at least 20 
years, which makes such a study in a randomized clinical trial design 
highly unlikely. The available literature indicated that even in a 
retrospective study design the existing data does not exceed 57 BCLP 
patients11 due to the low incidence o f  this condition but also due to the 
fact that three quarter o f the CLP centres, at least in Europe, have an 
overall case load o f even less than 40 patients per year.18 Both centres in 
the present study have a case load o f over 40 CLP patients per year w hilst 
a strict treatm ent protocol and standardized record schedule is followed. 
Therefore, the authors were able to collect two samples o f consecutively 
treated CBCLP patients that belong to the largest samples that have been 
published until now.
The cephalometric units and specification o f the settings o f  the X- 
ray machine in the two centres were not the same. It is possible also that 
within a centre X-ray specifications changed over the years during which
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the data was collected. Therefore, only angular variables were used as a 
further attem pt to avoid m agnification differences between centres. The 
radiographs were scanned and digitized under standardized conditions by 
the same operator. It was not possible to blind the observer for centre as 
the radiographs differed by the presence or absence o f a ruler. The in tra­
observer m easurem ent error analysis revealed a systematic error in 1 out 
o f 21 hard and soft tissue variables, but the difference was very small 
(ratio difference 0.01; CI: 0.002-0.02). Even though this small systematic 
error has no clinical relevance, the authors excluded this variable from 
further statistical analysis.
The differences observed am ongst the centres were m ainly the 
forward positioning o f the m axilla in relation to the anterior cranial base 
and the increased ANB angle. Significantly different values between the 
two centres were observed in NSL-NL, NL-M L, while the NSL-M L was 
not significantly different between the two groups (Table 5.3). Based on 
the previous mentioned findings, a downward rotation o f the m axilla in 
Gothenburg was observed compared with N ijm egen (Figure 2). Such a 
downward rotation o f the m axilla has been reported earlier for CBCLP 
patients.9 Differences in prim ary surgical procedures or types o f infant 
orthopedics my account for this.
The inclination o f the upper incisors was significantly different 
amongst the centres. Gothenburg had a sm aller SNA and ANB angle with 
more proclined upper incisors, w hilst Nijm egen had a larger SNA and 
ANB angle with more retroclined upper incisors (Table 5.3). The incisor 
retroclination compensates for the more forward position o f the 
premaxilla.
In both centres delayed hard palate closure was the tim ing o f choice 
although the technique was different. In Gothenburg, 4 patients had their 
cephalograms taken before hard palate closure, w hilst 40 patients had 
cephalograms after hard palate closure. In Nijmegen, all but 7 patients 
had their cephalograms taken before delayed hard palate closure in 
combination with prem axillary osteotomy. The mean age o f  prem axillary 
osteotomy was 9.9 years and the mean age o f the cephalometric 
radiographs o f Nijm egen was 8.98 years. The age at which the 
cephalom etric radiograph was taken and the tim ing o f  hard palate closure
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for Gothenburg and tim ing o f hard palate closure plus prem axillary 
osteotomy for Nijm egen as seen in the regression model (Table 5.4), had 
no significant effect on the cephalometric variables. For the ANB 
variable the predictive value o f the regression model was 39%. For the 
other cephalom etric variables, R 2 ranged from 0.008 to 0.286, indicating 
a weak fit o f the regression model.
W hen comparing two different populations it should be taken into 
consideration that the groups may have a different growth pattern. The 
gonial angle (RL-ML) was significantly larger in Nijmegen. This may 
indicate a more hyperdivergent growth pattern in this group. Another 
factor to be considered, besides the centre 's protocol, is the 
developmental differences between these two populations, and the 
individual genetic components. In the cephalom etric study by Trenouth et 
a l.,19 the data from 5 European cleft centres were compared, Nijm egen 
was one o f  them. In the com parison with the other European centres, 
N ijm egen showed a pronounced Class ll skeletal relationship.
Data from Nijm egen has been published before, but for a smaller 
group size (13 patients at 9 years and 16 patients at 10 years old).6 
Significantly retroclined upper incisors and prem axillary protrusion, as 
reported by Heidbüchel et a l.6, were verified in the present larger sample 
from Nijmegen, the increased NAPg indicating a Class ll skeletal pattern, 
confirming the findings o f  a later published study19 for the same centre. 
In another study, facial profile differences between a Norwegian and a 
British cleft group were not observed at the age o f 10, but at later 
developmental stages.4
In the present study, treatm ent protocols and outcome o f the two 
centres have been discussed in terms o f facial m orphology o f  9-year-old 
CBCLP patients. From an earlier study o f  the same groups at the same 
age, data on dental arch relationships, as measured with the BCLP- 
yardstick,20 are available. The BCLP-yardstick is an indicator for dental 
arch relationships as a factor for adequate facial grow th.21 The mean 
BCLP-yardstick score at 9 years o f age was 2.37±0.71 for Gothenburg 
and 2.26 ±0.45 for Nijm egen, indicating a favorable dental arch 
relationship in both groups, which is in agreement with the cephalom etric 
findings o f the present study.
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In conclusion, both centres showed a favourable craniofacial 
morphology at 9 to 10 years o f age, although there were significant 
differences in the m axillary prominence, the incisor inclination and the 
soft tissue cephalometric values. Long-term  follow up o f these patients 
until facial growth has ceased, together with an esthetic evaluation, may 
elucidate components that would help to improve the final treatm ent 
outcome o f these patients.
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A longitudinal three-centre study o f craniofacial morphology at 6- and 12-years of age
Summary
Objectives: The aim o f  this longitudinal study was to compare 
craniofacial morphology at 6 and 12 years o f  age and study changes in 
the soft tissue profile o f patients with complete bilateral cleft lip and 
palate (CBCLP).
Materials and Methods: Lateral cephalograms from 148 patients 
with CBCLP treated consecutively at three European cleft centres, 
Gothenburg (nA=37), Nijm egen (nB=26), and Oslo (nC=85), with different 
treatm ent protocols were evaluated. A  total o f  18 hard tissue and 10 soft 
tissue landmarks were digitized by one operator. To determine in tra­
observer reliability, 20 cephalograms per age group were digitized twice 
at one-month interval. Paired t-test, Pearson correlation coefficients, and 
multiple regression models were applied for statistical analysis. ANOVA 
and Tukey-B, as a post-hoc test, were used to evaluate the increments and 
compare centres. Hard and soft tissue data were superim posed using the 
generalized Procrustes analysis.
Results: For Nijmegen, the increments (between 6 and 12 years) o f 
the variables SNA, ANB, NS-NL, NL-M L, Snss, and Snpg were 
significantly different from the two other centres (^=0.018 to <0.001). 
SNPg increments were significantly different between Nijm egen and 
Oslo (p=0.002).
Conclusions: The three cleft centres followed different treatm ent 
protocols, but the main differences in craniofacial m orphology until 12 
years o f  age were the growth pattern and the m axillary and upper incisor 
variables.
Clinical Relevance: Follow up o f these patients until facial growth 
has ceased, may elucidate components for improving outcome.
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6.1 Introduction
Patients with a complete bilateral cleft lip and palate (CBCLP) are a 
challenge for the team involved in the interdisciplinary treatm ent o f the 
condition. Longitudinal data on treatm ent outcome in patients with BCLP 
is scarce, probably due to the low incidence o f the m alform ation.1 
Consequently, the scientific basis o f the field is still weak, and hardly any 
evidence is available for current practices in surgery or orthodontics. 
Table 6.1 provides an overview o f longitudinal studies on the craniofacial 
m orphology o f CBCLP from 6 to 12 years o f age. To the best o f our 
knowledge, only three studies have provided longitudinal data in this age 
range. One study2 compared the outcome o f the craniofacial treatm ent o f 
CBCLP to craniofacial growth in non-cleft controls. In a Japanese study, 
the interest focused on specific surgical procedures, particularly one- 
stage versus two-stage palatoplasty.3 In only one study, the craniofacial 
development o f  CBCLP until craniofacial growth ceased was compared 
between cleft centres in Oslo (Norway) and Nijm egen (the N etherlands).4
Table 6.1 Overview o f studies with longitudinal cephalometric data for patients with 
CBCLP at 6 and 12 years.
Authors Year Country Design Conse­cutive Target group n 6 y n 12 y Comparison n comp Variablesstudied
Trotman and Ross 2 1993 Canada CS retro No BCLP males, variable treatment approach
30 30 Non-cleftcontrols/- 30 Lateral cephalogram Hard tissue
Heidbüchel et al.4 1994 Nether­lands CS retro No CBCLPcentre'sprotocol
8 16 CBCLPOslo 90 Lateral cephalogram Hard and soft tissue
Silvera et al.3 2003 Japan CS retro No CBCLP two stage pala­toplasty, Hotz plate
10 10 CBCLPdifferenttreatmentprotocols
11 Frontal and lateralHard and soft tissues
n 6 y: number o f patients at 6 years; n 12 y: number o f patients at 12 years; n comp: 
number o f patients in the comparison group; CS: case series; f  control: Burlington 
growth group (non-cleft).
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In addition to the few longitudinal studies, another w orth m entioning is 
the largest m ixed longitudinal data set on CBCLP to date, from the Cleft 
Palate Centre in Oslo (Norway), and presents facial growth from 5 to 18 
or more years. The data set was compared to complete unilateral cleft lip 
and palate (CUCLP) patients treated in the same centre.5
In contrast to single-centre studies, multicentre studies offer the 
possibility to collect a larger study sample, which offers the opportunity 
to compare different treatm ent protocols. Differences in the surgical and 
orthodontic procedures may indicate an inhibitory effect on the growth o f 
the m axillary com plex and a further result on the final treatm ent 
outcome. Following patient samples longitudinally may identify the age 
at which growth starts to deviate between centres and may identify 
treatm ent procedures responsible. Therefore, the aim o f the present study 
was to compare and longitudinally evaluate facial growth in patients with 
CBCLP at 6 and 12 years o f age who were consecutively treated at three 
European cleft centres with different protocols.
6.2 Patients and methods
6.2.1 Patients selection
Three cleft centres participated in this study: Gothenburg, Sweden (centre 
A); Nijmegen, the Netherlands; (centre B), and Oslo, Norway (centre C). 
Lateral cephalograms for 148 consecutively treated patients with CBCLP 
(Gothenburg, nA=37; Nijm egen, nB=26; and Oslo, nC=85) at 
approxim ately 6- and 12-years o f age were evaluated longitudinally.
The inclusion criteria were Caucasian ethnic background; no 
associated congenital malform ations, syndromes, or mental retardation; 
treatm ent from birth onwards in the same centre; cephalograms available 
in the age range o f  5 to 7 and 11 to 13 years o f  age; and at least 12 years 
o f age at the time o f evaluation (born before 1996). In addition, all 
patients had CBCLP with a diagnosis confirmed by the pre-operative 
written records, neonatal pictures o f  the face, and/or casts taken pre- 
operatively. Patients with Sim onart’s band(s) were included only i f  no
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hard tissue union was present, and the side o f the Sim onart’s band was 
noted.
6.2.2 Treatment protocols
Table 6.2 shows the treatm ent protocols o f  the three centres. One basic 
difference among the centres is that Oslo does not employ infant 
orthopedics, whereas Nijm egen, and at that time G othenburg, applied 
different infant orthopedic techniques.
Table 6.2 Treatment protocols (primary procedures for lip, alveolus, and palate) for  
patients with complete bilateral cleft lip and palate from birth until 12 years o f age at the 
cleft palate centres in this study.
Timing Centre A Centre B Centre C
Birth Infant orthopedics, duration 1.5 years. Nose plugs, duration 2.5 years.
Infant orthopedics with extra-oral strapping,mean duration 9.2 months
3 months Bilateral lip adhesion, mean age 3.3 months Straight-line lip closure and hard palate closure on one side, mean age 3.4 months
6 months Soft palate closure One-stage lip closure (modified Straight- line lip(centre’s own technique), Manchester), closure and hard
12 months
mean age 8.5 months mean age 7.2 months
Modified Von Langenbeck soft palate closure, mean age 13.8 months
palate closure on the other side,mean age 4.9 months
18 months 
4 years
Definitive bilateral lip and nose repair (centre’s own technique), mean age 18 months
Von Langenbeck hard palate closure (before 1975), mean age 3.8 years
Modified von Langenbeck soft palate closure, mean age 19 months
9 years One side alveolar bone grafting Hard palate closure and bilateral Bilateral alveolar(tibia), mean age 8.0 years alveolar bone grafting (chin) (after 1975) and osteotomy of the bone grafting (iliac crest),Hard palate closure with alveolar bone grafting of second side, mean age 8.5 years
premaxilla, mean age 9.9 years mean age 9.9 years
The surgical concepts o f  the lip closure procedure are also different
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among the centres; a one-stage procedure is performed at Nijmegen, 
whereas the other two centres finalize the lip closure in two operations. 
Soft palate closure varied among the centres between 6 and 18 months o f 
age. The surgical soft palate closure technique is comparable in Nijmegen 
and Oslo, whereas Gothenburg has developed its own technique. Another 
im portant difference among the centres is early versus late hard palate 
closure. Oslo completes the hard palate closure between the ages o f  3  and 
6 months in two separate surgical procedures. In Gothenburg and 
Nijm egen, the hard palate is closed at a later stage, at approxim ately 9 
years o f age. All patients included in this study who were treated at 
N ijm egen had been operated on according to the adapted protocol after 
1975 in which the hard palate closure was performed together with a 
prem axillary osteotomy at roughly 9 years o f age.
6.2.3 Radiographic assessment
Lateral cephalograms were available that had been taken in centric 
occlusion and oriented to the Frankfurt horizontal plane. The 
cephalograms from all centres were scanned on a 12-bit scanner (R2 
Im ageChecker M5000 DM, R2 Technology, Inc., Sunnyvale, CA, USA) 
at 150 dpi. For the cephalometric analysis, all cephalograms were 
digitized with a commercially available software program (Viewbox 
3/dHAL Software, Kifissia, Greece) by one operator (TB) blinded to the 
centre at which the patient was treated. Figure 6.1 shows the 
cephalom etric reference points (18 hard and 10 soft tissue landmarks) 
used in this study. Twenty cephalom etric variables were calculated from 
these landmarks. Only angular m easurements were used in order to avoid 
errors due to magnification differences between the centres. To determine 
the m easurem ent error, 20 cephalograms for age 6 and 20 cephalograms 
for age 12 were randomly selected and digitized twice by the same 
operator (TB) at an interval o f one month.
The generalized Procrustes analysis was used to superimpose the 
tracings in order to visualize the craniofacial morphology o f patients at 
each centre. This analysis was based on minimizing the square distances 
between corresponding points and scaling all tracings to a common size. 
According to this method, no reference structures (such as the cranial
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base) are used for the superimposition. First, the tracings at 6 and 12 
years were superimposed for each centre. Next, a cross-sectional figure 
o f all three centres at 6 years or 12 years was m ade.6-8
me
Figure 6.1 Reference points on the lateral cephalometric radiographs
Skeletal reference points: S=The geometric centre o f  the Sella turcica. N=Nasion, the most 
anterior point at the frontonasial suture. ANS=Anterior nasal spine A=The deepest 
point on the anterior contour o f the upper alveolar process. As=Apex superius, the apex o f  
the root o f the upper central incisor. Ls=Incision superius, the incisal edge o f  the most 
prominent upper incisor. Li=Incision inferius, the incisal edge o f  the most prominent lower 
incisor. Ai=Apex inferius, the apex o f  the root o f lower central incisor. B=The deepest point 
o f the anterior contour o f  the lower alveolar process. Pg=Pogonion, the most anterior point 
o f the mandibular symphysis. Gn=Gnathion, the most anterior inferior point o f the bonny 
chin. Me=Menton, the most inferior point o f  the mandibular symphysis. Go=Gonion point, 
most posterior inferior point on the angle o f the mandible. Mtp=Mandibular tangent 
posterior, the most posterior inferior point on the outline o f  the mandibular body. 
R=Ramus point, the most posterior-inferior point o f the mandibular ramus. Ar=Articulare, 
the constructed point at the intersection o f the images o f  the posterior margin o f  the ramus 
and the outer margin o f the cranial base. Ba=Basion, the lowest point on the 
anterior margin o f the foramen magnum in the median plane. Pm=Pterygo-maxillare 
the intersection o f the nasal floor and the apex o f the pterygomaxillary fissure. 
Soft tissue reference points: n=Soft tissue nasion, the deepest point on the frontonasal 
curvature. an=Anterior nasalis, the most prominent point on the nose tip. 
sn =Soft tissue subnasale, the point o f  intersection between the base o f the nose and upper 
lip o f soft tissue. ss=Soft tissue subspinale, the point o f greatest concavity in the midline o f  
the upper lip. ls=Labrale superius, the most prominent point o f the upper lip. li=Labrale 
inferius, the most prominent point o f  the lower lip. sm= Soft tissue supramentale, the point 
o f the greatest concavity in the midline o f  the lower lip. pg= Soft tissue pogonion, the 
most prominent point on the soft tissue o f the chin. gn=The most anterior inferior point o f 
the soft tissue chin. me=Soft tissue menton, the lowest point on the lower border o f the 
mandible.
Reference lines: SN=Sella-Nasion line. NL =Nasal line, through Pm and ANS. ILs= 
Axis o f upper incisors. ILi =Axis o f lower incisors. ML=Mandibular line, the tangent o f
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the lower border o f the mandible through Me and Mtp. RL=Ramus line, through Ar and R. 
E-line Esthetic line, through an andpg.
Hard tissue angles: SNA, SNB, ANB, SNPg, ILs-NL, ILs-SN, ILi-ML, ILs-ILi=Interincisal 
angle SN-NL, SN-ML, NL-ML, NSBa, RL-ML=Gonial angle.
Soft tissue angles: S-n-an, S-n-ss, S-n-sm, S-n-pg, n-an-pg, an-sn-ls, Nasolabial angle= 
n-sn-pg.
6.2.4 Statistical analysis
Statistical analyses were perform ed using SPSS 16.0 software (Chicago, 
IL, USA). Paired t-tests were used for calculating systematic differences 
between the first and second digitization. The reliability between the two 
measurements was calculated as Pearson correlation coefficients. In the 
multiple regression model, centre and gender were included as 
independent variables. Oslo was used as the reference centre. The p - 
values for the comparison o f increments between the centres were 
calculated using ANOVA, and the Tukey-B test was used as the post-hoc 
test.
6.3 Results
Sample characteristics for each centre are shown in Table 6.3. The intra­
observer duplicate m easurem ent error for all cephalom etric variables at 6 
and 12 years o f age is presented in Table 6.4. Significant differences 
were observed in the variable RL-M L (p=0.018) at 6 years old, and NSBa 
at 12 years old (p=0.015). These variables were excluded from 
further evaluation in both age groups.
Table 6.3 Characteristics o f the centres at which the cephalograms were taken. 
Number (n) ofpatients with complete bilateral cleft lip and palate (CBCLP) per centre.
n Male Female 6 yr group 
Mean age±sd
12 yr group 
Mean age±sd
Centre A 37 26 11 6.8±0.5' 12.9±0.35
Centre B 26 21 5 6.1±0.3' 12.2±0.64
Centre C 85 57 28 6.0±0.6' 12.3±0.73
Total 148 104 44
Centre A, B, C Gothenburg, Nijmegen and Oslo respectively; sd: standard deviation.
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For all other variables, the reliability coefficients ranged from  0.409 to 
0.817 for the 6-year-old group, and from 0.767 to 0.975 for the 12-year- 
old group. Hard and soft tissue cephalom etric variables for both age 
groups and the three centres are presented in Table 6.5.
Table 6.4 Intra-observer reliability for hard and soft tissue cephalometric 
measurements.
Age 6 years (n=20) Age 12 years (n=20)
PReliabilitiy DME Meandiff 95% CI P Reliability DME Meandiff 95% CIHard tissue variablesSNA 0.796 2.02 0.66 [-0.65 - 1.96] 0.305 0.928 0.88 0.04 [-0.48 - 0.57] 0.868SNB 0.786 1.33 -0.39 [-1.25 - 0.47] 0.355 0.966 0.58 -0.25 [-0.59 - 0.10] 0.149ANB 0.74 1.75 1.05 [-0.08 - 2.17] 0.067 0.94 0.76 0.29 [-0.16 - 0.75] 0.198SNPg 0.706 1.52 -0.37 [-1.35 - 0.61] 0.435 0.962 0.66 -0.34 [-0.73 - 0.06] 0.089SN-NL 0.543 2.70 -0.03 [-1.77 - 1.71] 0.971 0.918 1.16 -0.32 [-1.00 - 0.38] 0.354SN-ML 0.417 4.55 2.02 [-0.91 - 4.95] 0.166 0.925 1.39 -0.08 [-0.91 - 0.75] 0.850NL-ML 0.457 3.30 -0.43 [-2.60 -1.69] 0.679 0.926 1.31 0.24 [-0.54 - 1.02] 0.531ILs-SN 0.497 8.90 -4.07 [-9.80 - 1.66] 0.154 0.967 1.78 0.99 [-0.07 - 2.06] 0.065ILs-NL 0.583 8.03 -4.10 [-9.27 - 1.07] 0.114 0.967 1.85 0.64 [-0.47 - 1.74] 0.244Interincisal 0.673 9.78 3.69 [-2.61 - 9.99] 0.236 0.975 1.75 0.01 [-1.04 - 1.05] 0.992ILI-ML 0.817 2.76 0.84 [-0.94 - 2.61] 0.336 0.882 1.88 -1.08 [-2.20 - 0.04] 0.058RL-ML 0.46 4.74 3.78 [0.73 - 6.82] 0.018 0.815 2.84 -0.91 [-2.60 - 0.79] 0.280NSBa 0.615 2.88 1.53 [-0.32 - 3.39] 0.100 0.834 2.13 1.62 [0.34 - 2.89] 0.015Soft tissue variablesSnan 0.676 3.370 -0.23 [-2.40 - 1.94] 0.828 0.767 2.30 -0.03 [1.40 - 1.35] 0.968Snss 0.47 3.389 0.05 [-2.13 - 2.23] 0.963 0.921 1.31 0.18 [-0.58 - 0.74] 0.649Snsm 0.459 2.676 0.10 [-1.62 - 1.82] 0.906 0.879 1.11 0.08 [-0.61 - 0.96] 0.800Snpg 0.409 2.593 0.02 [-1.65 - 1.69] 0.984 0.895 0.99 0.13 [-0.46 - 0.73] 0.650nanpg 0.695 3.785 -0.95 [-3.39 - 1.48] 0.424 0.927 1.75 -0.07 [-1.11 - 0.97] 0.891nsnpg 0.757 3.753 0.96 [-1.46 - 3.37] 0.418 0.947 1.77 0.18 [0.87 - 1.24] 0.725Nasolabial 0.721 10.72 -2.66 [-9.56 - 4.24] 0.431 0.887 4.97 0.22 [-2.75 - 3.19] 0.880
DME:duplicate measurements error; Mean d iff mean difference; CI: 95% confidence
interval, p  value.
The increments for all cephalom etric variables between 6 and 12 
years o f  age are presented in Table 6.6. For Nijm egen, the increments o f 
the variables SNA, ANB, SN-NL, NL-M L, Snss, and Snpg were 
significantly different from those o f the other two centres (p=0.041 to 
<0.001). SNPg increments were significantly different between Nijmegen 
and Oslo (p=0.002). The sagittal position o f the m axilla diminished 
during growth for all three centres, which was represented by the hard 
tissue variable SNA and the soft tissue variable Snss.
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Table 6.5 Hard and soft tissue cephalometric measurements at the three centres. All 
variables are in degrees0.
Centre A (nA=37) Centre B (nB=26) Centre C (nc=85)
6 years 12 years 6 years 12 years 6 years 12 years
Mean sd Mean sd Mean sd Mean sd Mean sd Mean sdHard tissue variablesSNA 85.38 4.16 79.88 3.50 85.03 5.54 77.25 4.62 84.75 4.28 80.00 3.38SNB 75.32 3.66 75.43 3.77 72.92 4.15 72.80 4.08 4.65 3.61 75.60 3.83ANB 10.06 3.49 4.44 2.61 12.12 3.80 4.46 3.20 10.09 3.33 4.40 3.18SNPg 75.61 3.65 76.72 3.89 72.70 3.82 73.00 4.17 74.72 3.80 76.9 4.10SN-NL 12.90 3.78 13.13 3.55 13.02 5.86 9.21 4.53 9.62 4.50 8.27 3.62SN-ML 36.24 4.68 36.23 4.83 39.93 5.50 39.86 5.83 35.94 5.66 34.09 6.40NL-ML 23.33 5.17 23.10 4.64 26.91 6.95 30.66 4.84 26.79 5.80 25.95 5.98ILs-SN 63.62 13.45 86.56 11.00 57.71 15.13 76.79 13.57 61.67 12.25 85.30 10.92ILs-NL 76.53 12.58 99.70 10.83 70.72 16.10 86.00 12.19 71.30 11.99 93.58 11.00Interincisal angle 172.58 14.13 148.61 11.71 177.43 18.74 154.80 15.64 175.66 16.06 151.24 13.07ILi-ML 87.55 9.40 88.60 7.80 84.94 7.18 88.55 7.13 86.30 7.01 93.58 11.00Soft tissue variablesSnan 106.63 5.17 108.96 6.12 105.84 3.40 106.20 5.56 108.85 5.63 111.29 4.93Snss 90.62 4.50 89.01 4.86 90.86 4.68 85.20 4.73 89.44 3.92 88.18 3.91Snsm 80.37 4.39 82.16 5.42 78.79 3.66 79.25 4.50 79.60 3.78 81.74 3.95Snpg 81.66 4.61 83.81 5.65 80.06 3.45 80.40 4.42 81.04 3.82 83.28 4.10nanpg 140.02 4.90 139.13 5.34 139.50 5.08 138.47 5.20 136.51 5.75 135.01 5.56nsnpg 159.97 6.09 167.40 6.77 157.62 7.33 167.68 7.91 161.36 7.26 168.92 7.92Nasolabial 126.88 11.88 116.93 15.32 133.45 12.11 120.92 13.68 119.37 13.80 107.96 15.75eangle
Centre A, B and C: Gothenburg, Nijmegen and Oslo respectively; nA,nB,nC: number o f
patients per centre; sd: standard deviation. 
a b
Figure 6.2 Box plot distribution o f (a) angles SNA and (b) Snss (in degrees) at 6 (blue) 
and 12 (green) years o f age. (Centres: A: Gothenburg, B: Nijmegen, C: 
Oslo).
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Table 6.6 Increments o f cephalometric values between 6 and 12 years o f age.
Centre A (nA=37) Centre B (nB=26) Centre C (nC=85)
Hard tissue variables Mean sd Mean sd Mean sd P
SNA -5.50a 2.75 -7.78b 4.57 -4.75a 2.99 <0.001
SNB 0.12 1.83 -0.12 2.70 0.95 2.50 0.065
ANB -5.62a 2.76 -7.66b 4.45 -5.70a 2.93 0.018
SNPg 1.12ab 1.82 0.30b 2.60 2.22a 2.72 0.002
SN-NL 0.23a 3.68 -3.80b 5.36 -1.35a 4.62 0.003
SN-ML -0.008 2.97 -0.06 2.68 -1.85 5.07 0.041
NL-ML -0.24 a 4.02 3.75b 6.05 -0.84a 5.77 0.001
ILs-SN 22.93 13.64 19.08 17.70 23.64 16.92 0.459
ILs-NL 23.17 14.34 15.27 18.35 22.27 16.66 0.122
Interincisal angle -23.97 14.68 -22.63 19.90 -24.42 19.42 0.911
ILi-ML 1.046 14.34 3.61 7.05 3.00 7.64 0.289
Soft tissue variables
Snan 2.33 4.03 0.36 5.47 2.44 5.78 0.212
Snss -1.61a 3.04 -5.67b 3.89 -1.26a 3.25 <0.001
Snsm 1.78 3.02 0.46 2.76 2.14 3.35 0.066
Snpg 2.16 a 3.28 0.34b 2.61 2.24a 3.16 0.021
nanpg -0.89 4.08 -1.03 6.67 -1.50 5.26 0.814
nsnpg 7.42 4.14 10.06 7.21 7.56 5.92 0.130
Nasolabial angle -9.95 12.97 -12.53 12.58 -11.41 16.17 0.783
All variables are in degrees. Centre A, B, C: Gothenburg, Nijmegen, Oslo respectively; 
nA,nB,nC: number o f patients per centre. a'b: notes the difference between the centres. Same 
letter indicates similarity, whereas a different letter indicates significant difference. p  
values were calculated with ANOVA, using Tukey-B as the post-hoc test.
The variables decreased significantly more at Nijm egen than the other 
two centres (Fig. 6.2a, b). The SNA angle also has an effect on the ANB 
angle, which decreased significantly more in the Nijmegen group than in 
the other two.
The SNPg variable increased significantly more in the Oslo group 
than the Nijm egen group, and the corresponding soft tissue variable 
(Snpg) was significantly different in the N ijm egen group compared to the 
other centres (Fig. 6.3a, b). The increments for the vertical growth pattern 
(SN-NL, NL-M L) were significantly different for Nijm egen compared to 
the other two centres. In the Nijm egen group, SN-NL significantly 
decreased and NL-M L increased between 6 and 12 years, and SN-ML 
was significantly different between the centres (p=0.041). However, none 
o f the differences reached significance in the post-hoc test. The ratio o f 
posterior to anterior facial height was significantly different between 
Gothenburg and Oslo, indicating a tendency for horizontal growth in the
124
S
N
P
g
A longitudinal three-centre study of craniofacial morphology at 6- and 12-years of age
Oslo group. The results o f the multiple regression model are presented in 
Table 6.7. The cephalom etric variables at 12 years were the dependent 
variables, and the cephalom etric variables at 6  years, gender, and centre 
(Gothenburg or Nijmegen) were the independent variables. 
a b
Figure 6.3 Box plot distribution o f (a) angles SNPg and (b) Snpg (in degrees) at 6 
(blue) and 12 (green) years o f age. (Centres: A : Gothenburg, B: Nijmegen, 
C: Oslo).
b
Figure 6.4 Mean tracings illustrating the craniofacial morphology in CBCLP at 6 
(blue) and 12 (red) years o f age. (a) Centre A: Gothenburg, (b) Centre B: 
Nijmegen, (c) Centre C: Oslo.
a c
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Table 6.7 Multiple regression model using cephalometric variables as dependent 
variables and cephalometric variables at 6 years, gender, and centre as the independent 
variables.
Value at 6 years Gender (m=0;f=l) Centre A Centre B
Hard
tissue
variables R2 Const beta p 95% Cl beta P 95% Cl beta p 95% Cl beta p 95% Cl
SNA 0.526 32.27 0.564 <0.001 [0.468-0.661] -0.29 0.545 [-1.23-0.65] -0.48 0.353 [-1.51-0.54] 2.94 <0.001 [-4.12-1.77]
SNB 0.670 13.33 0.836 <0.001 [0.733-0.939] -0.41 0.332 [-1.24-0.42] -0.73 0.112 [-1.64-0.17] -1.41 0.009 [-2.45-0.36]
ANB 0.274 -0.10 0.454 <0.001 [0.328-0.581] -0.27 0.584 [-1.22-0.69] 0.05 0.919 [-0.97-1.07] -0.89 0.14 [-2.09-0.30]
SNPg 0.682 12.26 0.868 <0.001 [0.760-0.976] -0.61 0.176 [-1.49-0.28] 1.00 0.041 [ 1.97 0.04] -2.27 <0.001 [-3.38-1.15]
SN-NL 0.369 5.00 0.349 <0.001 [0.226 0.472] -0.25 0.685 [-1.49-0.98] 3.71 <0.001 [2.31-5.11] -0.28 0.726 [-1.87-1.31]
SN-ML 0.580 5.12 0.796 <0.001 [0.671 0.922] 1.08 0.153 [-0.40-2.56] 1.93 0.019 [0.33-3.54] 2.74 0.005 [0.84 4.65]
NL-ML 0.419 11.82 0.514 <0.001 [0.385-0.643] 1.09 0.196 [-0.57-2.74] -1.05 0.267 [-2.90-0.81] 4.79 <0.001 [2.73-6.85]
ILs-SN 0.100 78.31 0.106 0.144 [-0.037-0.250] 1.30 0.531 [-2.79-5.38] 1.09 0.629 [-3.37-5.55] -7.92 0.003 [-13.04-2.79]
ILs-NL 0.144 88.48 0.066 0.358 [-0.076-0.209] 1.12 0.582 [-2.89-5.13] 5.81 0.011 [1.38-10.24] 7.39 0.004 [ 12.38-2.39]
Interincisa
1 angle 0.071 119.22 0.184 0.007 [0.051 0.317] -0.79 0.737 [-5.46-3.87] -2.09 0.417 [-7.16-2.99] 3.12 0.289 [-2.68-8.92]
ILiML 0.288 46.63 0.496 <0.001 [0.365-0.6271 -0.41 0.712 [-2.61-1.791 -1.34 0.269 [-3.73-1.051 -0.13 0.925 [-2.86-2.601
Soft tissue
variables
Snan 0.330 56.96 0.501 <0.001 [0.353-0.650] -0.69 0.419 [-2.37-0.99] -1.24 0.191 [-3.10-0.62] -3.67 0.001 [-5.81-1.53]
Snss 0.548 25.55 0.705 <0.001 [0.586 0.824] -1.42 0.011 [-2.51-0.32] -0.05 0.937 [-1.24-1.15] -4.19 <0.001 [-5.56-2.82]
Snsm 0.551 16.50 0.824 <0.001 [0.694-0.953] -0.98 0.08 [-2.09-0.12] -0.25 0.679 [-1.46-0.95] -1.95 0.006 [-3.33-0.58]
Snpg 0.593 13.15 0.869 <0.001 [0.743-0.995] -0.92 0.097 [-2.02-0.17] -0.03 0.954 [-1.22-1.15] -2.16 0.002 [-3.52-0.80]
nanpg 0.363 62.42 0.533 <0.001 [0.393-0.673] -0.51 0.546 [-2.17-1.15] 2.24 0.020 [0.36-4.11] 1.80 0.095 [-0.32-3.91]
nsnpg 0.486 47.90 0.748 <0.001 [0.617-0.878] 1.12 0.267 [-0.87-3.11] -0.45 0.680 [-2.62-1.71] 1.71 0.181 [-0.80-4.22]
Nasolabial
angle 0.320 44.79 0.542 <0.001 [0.373-0.712] -4.81 0.051 [-9.64-0.01] 4.75 0.085 [-0.66-10.15] 4.66 0.157 [-1.81-11.14]
Bold values indicate variables that are reaching significance (p<0.05). m: male, f: female.
Centre A, B: Gothenburg, Nijmegen respectively, p  value, Cl: 95% confidence interval.
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a b
Figure 6.5 Mean tracings illustrating the craniofacial morphology in CBCLP from all 
three centres at (a) 6 and (b) 12 years (cross-sectional figures). Centre A: 
Gothenburg: red, Centre B: Nijmegen: blue, Centre C: Oslo: green.
Oslo is the reference category centre. All cephalometric variables 
except the ones related to the upper incisors could be explained by the 
cephalometric variables at 6 years o f  age. Gender did not play a 
significant role in predicting the values o f the cephalometric variables at 
12 years o f age. A centre effect was present for Gothenburg for SNPg, 
Snpg, and SN-NL, which were predictive values for the 12-year results. 
The centre effect for Nijmegen, which is marked in bold in Table 6.7, 
was found for the prediction o f  a num ber o f cephalometric variables 
(SNA, SNB, SNPg, SN-ML, NL-M L) at 12 years o f age. The results o f 
superim position using the generalized Procrustes analysis o f the 6 and 
12-year-old group means are shown in Fig. 6.4a-c. Figure 6.5 visualizes 
the superimpositions o f the mean tracings o f all three centres at 6 (Fig. 
6.5a) and 12 years (Fig. 6.5b).
6.4 Discussion
An intercentre com parison allows access to adequate samples for 
investigating clinical outcomes and international variations in treatm ent 
outcomes and growth adaptation.9 However, intercentre studies cannot 
eliminate susceptibility or proficiency bias as the patients are drawn from
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different populations and the surgeons are inevitably different, but the 
patients from the three centres in the present study were treated by a 
lim ited num ber o f surgeons according to a strictly defined and consistent 
protocol (see Table 6.2). Nevertheless, intercentre studies are not easy to 
perform. The variability in record taking and treatm ent protocol, even 
w ithin the same centre, as well as many co-factors such as clinician skill, 
proficiency, and the possibility o f  adapting a treatm ent procedure to the 
expected prognosis, make intercentre studies difficult. Even i f  the 
research evidence for retrospective longitudinal studies is considered to 
be rather weak, it has the advantage o f  recruiting consecutive cases for 
consistent evaluation.10,11 For the present study, we were able to include 
148 patients with CBCLP who were followed longitudinally over a 6-year 
period, which is the largest sample reported in the literature to date. Only 
a few studies with very small samples cover the same age period 
longitudinally (Table 6.1).
In order to reach a consensus on data collection for further research 
purposes, the Eurocleft project has specified the ages for recording cleft 
lip and palate patients. Cephalometric radiographs were recommended at 
the age o f 10 years.12 In the present study, the CBCLP patients were born 
before 1996 in order to have radiographs at the two target ages, and is the 
reason why our age groups were not in accordance with the Eurocleft 
recom m endations published later.12
Three-dim ensional cephalometry is the latest tool, but 2D 
cephalom etric analysis is still the classic tool for describing facial growth 
and developm ent in patients with cleft lip and palate. Because o f 
concerns about the radiation dose o f m ulti-slice or cone beam computer 
tom ography, it will probably continue to be the evaluation tool for 
longitudinal studies on facial growth and treatm ent outcome. However, in 
addition to the fact that 2D-cephalom etry is a tw o-dim ensional 
representation o f three-dim ensional structures, cephalometric 
m easurem ents have an inherent method error that varies depending on the 
radiographic projection, measuring system, type o f landmark, and 
observer. Differences in the magnitude o f the measurem ent error are 
caused by the precision o f landmark definition and the amount o f noise 
from adjacent structures. In young patients with cleft lip and palate, the
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identification o f  cephalom etric landmarks is even more difficult due to 
abnormal anatomy, especially for the localization o f the landmarks point
A, anterior nasal spine, and posterior nasal sp ine.13 As described by Hotz 
and G noinski,14 point A is difficult to locate in young individuals because 
o f the tooth germs m olding the anterior contour o f the maxilla. The most 
difficult age for examining radiographs in patients with a cleft is the 
period before shedding o f the incisors, as all o f the above-m entioned 
problems occur in this period o f time. In our study, the intra-observer 
m easurem ent error showed a systematic difference for 1 o f  20 variables 
in the 6-year group, and 1 in the 12-year-old group (see Table 6.4).
A t 6-years o f  age, all patients (at all centres) with complete CBCLP 
showed a large SNA angle with retroclined upper incisors. This finding 
should not be interpreted as a prognathism o f the entire maxilla, but the 
large SNA angle is the result o f  a forward positioning o f the prem axilla 
in BCLP. Cephalometric findings at an even earlier age than examined in 
our study have shown an extremely protruding prem axilla with a short 
m axilla o f  reduced posterior height, a short mandible, and bim axillary 
retrognathia with a more vertical facial growth pattern .15 The protrusion 
o f the prem axilla in the 6 year olds from all three centres was sim ilar to 
the recently published results o f a well-docum ented longitudinal study 
(from age 5 until the end o f growth) on the treatm ent outcome o f Z urich ’s 
treatm ent protocol in 5 year o lds.16
In the following 6-year period, the protrusion o f  the prem axilla 
dim inished similarly for all three groups, but occurred m ost in the 
N ijm egen group (see Table 6.6 and Fig. 6.2a, b). This pattern was also 
seen for the ANB angle and the corresponding soft tissue variable Snss. 
This change probably reflects the change brought about by the osteotomy 
o f the prem axilla, which was performed in all patients at N ijm egen with 
the bone grafting procedure at a mean age o f  9 years and 9 months. The 
direct effect o f  this operation is a better sagittal position o f the prem axilla 
and an improved inclination and vertical position o f the upper incisors, as 
well as reconstruction o f the alveolar process to a normal height and 
width to create optimal conditions for canine eruption.17,18 However, 
w hether the prem axillary surgery will result in impaired forward growth 
o f the m axilla in the long run remains to be seen. In a prelim inary
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cephalom etric study that included seven patients from the present study, 
patients were followed longitudinally from 6 to 20 years o f age for their 
final facial grow th.4 At the age o f 20, osteotomy o f  the prem axilla at a 
mean age o f 13 years and 3 months was not found to have been 
detrim ental to facial growth. Comparable results were found by Padwa et 
a l.18 and Geraedts et a l.,19 who showed that a protrusive prem axilla can 
be positioned after the age o f 6 to 8 years w ithout deleterious effects on 
m idfacial growth. However, the final outcome for the present sample 
remains to be investigated when growth has ceased.
In the Nijm egen patients, NS-NL decreased and NL-M L increased, 
indicating a counter clockwise rotation o f the premaxilla. This pattern 
differs from that o f the other centres and can probably be attributed to the 
surgical repositioning o f the prem axilla in the CBCLP patients at 
N ijm egen before the age o f  12.
The regression analysis (Table 6.7) showed that most o f the hard 
tissue variables and all soft tissue variables at 12 years are explained by 
the relevant cephalom etric values at 6 years o f  age. The R 2 numbers show 
that you can explain approxim ately 60%  o f the variability in 12-year 
values. The only variables that are not predictive are the ones related to 
the m axillary incisors, which could be expected as patients differ with 
respect to their dental developmental stage when the cephalograms were 
made. Gender did not play a significant role in explaining the 
cephalom etric outcome at 12 years o f  age.
M any components that are difficult to identify are involved in the 
final outcome o f CLP patients. In addition to the growth variability 
between individuals and racial groups, drawing the line for the ideal 
treatm ent protocol is difficult as the treatm ent protocols o f the three 
centres have prim ary differences in the early management o f clefts, infant 
orthopedics, the type o f lip repair (one stage or two-stage approach), 
early versus late hard palate closure, and prem axillary osteotomy at the 
age o f 9 years (Table 6.2). The developmental heterogeneity o f 
individuals between centres is also an im portant factor. In a comparative 
study o f cephalom etric values among five centres, Nijm egen had 
significantly more Class II skeletal patients compared to all other 
centres.20 In the present study, we also noticed that the Dutch children
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had a significantly more retrusive m andibular growth pattern than the 
Scandinavian children.
6.5 Conclusions
Even though the three cleft centres followed different treatm ent 
protocols, the craniofacial m orphology o f  their patients with CBCLP was 
not very different until the age o f  12. However, the growth pattern 
differed, especially w ith respect to maxillary and upper incisor variables. 
The prem axillary osteotomy perform ed around 10 years o f  age in 
N ijm egen seems to inhibit sagittal and vertical maxillary development. 
Further evaluation o f the group until growth has ceased is needed to solve 
the controversy about the long-term  effect o f prem axillary osteotomy.
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General discussion
7.1 Introduction
The goal o f this research was to evaluate treatm ent outcome in patients 
with complete bilateral cleft lip and palate (CBCLP) in three European 
centres with different treatm ent protocols. Plaster models, 
orthopantom ogram s, and cephalom etric radiographs were available at the 
age o f 6, 9 and 12 years. There were basic differences in the treatm ent 
protocols among the three centres. Nijm egen and Gothenburg applied 
different types o f infant orthopaedics (IO) while Oslo did not employ IO 
at all. In the three centres different surgical procedures were used for 
closure o f the lip, the soft palate and the hard palate. The differences in 
the centres’ protocols regarded either the tim ing or the type o f surgery.
We evaluated the dental arch relationship which is an indication for 
facial skeletal developm ent o f  these children. The scoring system that we 
used was the BCLP-yardstick. In this yardstick the m ost important 
feature to be scored is the sagittal dental base relationship (Chapter 2). 
An alternative m easurem ent system for dental outcome in cleft lip and 
palate (CLP) patients is the Huddart/Bodenham  (HB)-system .1 The HB- 
system was developed for evaluation o f maxillary arch constriction, both 
transversally as well as sagittally. We compared the reliability o f  the 
scoring systems (HB-system with the BCLP-yardstick) in patients with 
CBCLP in three different age groups (Chapter 3).
Because o f the effect o f tooth agenesis on the craniofacial 
characteristics,2 the prevalence o f tooth agenesis and patterns o f 
hypodontia were investigated in a large sample o f  patients (240 patients) 
with CBCLP (Chapter 4).
In addition, craniofacial m orphology and soft tissue profile was 
evaluated and compared in patients with CBCLP at 9 years o f  age, in two 
European cleft centres (Chapter 5) and at 6 and 12 years o f age, in all 
three participating cleft centres (Chapter 6).
In this chapter some methodological considerations o f  this type o f 
research are discussed as well as clinical implications and 
recommendations for further research.
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7.2 Strength and weaknesses of the study, methodological 
considerations
The design o f the present study was a retrospective case series study 
among different centres. An intercentre com parison requires 
standardization o f docum entation among centres. In our study, case 
selection and follow-up bias were controlled by the strict definition o f 
our inclusion criteria for the anomaly and the follow-up data. Analysis 
bias was controlled by random allocation o f identification numbers to all 
patients and blinding o f the observers for the origin o f  the model. 
Furthermore the examiners were calibrated for the newly used scoring 
system. On the other hand, the retrospective design implies that 
confounding factors may be involved. Factors that m ight influence the 
treatm ent outcome are: the skills, experience, or even preferences o f the 
surgeon, the team  and its decision making, as well as other factors that 
may interfere in the general setting, such as learning curves for the 
applied surgical procedures and quality variations over the years. For 
these reasons special attention should be given to the design o f studies 
that assess the outcome o f complex interventions, surgery and other 
invasive therapies. All these factors that bias the final outcome have 
increased skepticism about surgical research.3
There are several reasons for the lack o f well controlled studies in 
CBCLP. The main reason is the low incidence o f the anomaly. Only 7% 
o f the entire cleft population has a non-syndrom ic CBCLP.4 If  a centre 
has a case load o f  40 CLP patients per year, only about 3-4  patients per 
year will have a non-syndrom ic CBCLP. This means that an intake period 
o f 10 years is required in order to collect 40 patients, and at least another 
10 years are necessary for a follow-up o f these patients, in order to 
observe the treatm ent outcome. This brings the total time frame for such 
an investigation to at least 20 years, which makes such a study in a 
randomized clinical trial (RCT) design highly unlikely. The available 
literature indicated that even in a retrospective study design, the existing 
data does not exceed 57 BCLP patients.5 The low incidence o f  the 
condition, as mentioned before, and the fact that most CLP centres (76%) 
have an overall case load o f even less than 40 patients per year6 are the
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main factors for the lim ited num ber o f publications and the small sample 
size in the existing literature. All centres, in the present study, have a 
case load o f over 40 CLP patients per year, while a strict treatm ent 
protocol and standardized record schedule is followed. We were able to 
collect data o f 204 consecutively treated CBCLP patients that belong to 
the largest samples that have been published until now.
7.3 Improvement of study design
Surgical evaluation, although difficult, is achievable and necessary. 
Surgery does not lack evaluative research, what it lacks are accepted 
guidelines for generating valid evidence: systematic, w ell-planned and 
conducted, meticulous reported research, on which surgical practice can 
be based.7 The practice o f  evidence based medicine means integrating 
clinical expertise with the best available scientific evidence and patient's 
values. The highest level o f evidence for evaluation o f the effectiveness 
o f the interventions tested, is the system atic review (SR) o f randomized 
controlled trials (RCT) and in the second place the RCT. In a RCT, we 
seek evidence for a causal link between treatm ents and observed 
outcomes. W hen it is well conducted, a RCT provides strong evidence for 
the comparative effectiveness and efficacy o f the interventions tested .8,9
The RCT is considered also the m ost appropriate design to study 
craniofacial developm ent because certain factors such as surgical 
techniques, tim ing o f  operations and skills o f  the surgeon can be 
standardized between the groups, eliminating, all possible factors that 
may have an effect on facial developm ent.10 The problem is, however, 
that the treatm ent for these children is multidim ensional and 
interdisciplinary and it is difficult to ascertain with clarity the specific 
role o f a certain prim ary surgical procedure in the final outcome at 18 
years o f age. The indications for surgery and the type o f operation 
performed in neonates are rarely supported by R C Ts.11 The few reported 
RCTs in the literature often suffer from poor trial design, inadequate 
statistical analysis, and incomplete reporting.12 This leads to a lack o f
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knowledge o f evidence-based standards o f  diagnosis and management 
especially for CLP patients.13-15
There are many difficulties o f performing trials in a surgical setting. 
One o f them is the decision when to shift from an exploratory stage o f 
developm ent o f a certain surgical procedure to a formal investigation, 
which needs ethical approval.7 In addition, during a surgeon’s learning 
curve the potential benefit is not obvious. Long-term  im plem entation and 
monitoring is needed, so late or rare outcomes can be evaluated. 3 Another 
difficulty is that there is lack o f validated m easures o f severity o f  the 
malformation, in other words, “no two clefts are the sam e”, which makes 
outcome assessments difficult.16 Furthermore, comparisons among 
centres, even if  they appear to perform the same surgical technique can 
be com plicated by the fact that many m inor surgical details may differ.17 
For the previous mentioned reasons, the utility o f a RCT in determining 
best surgical practice in neonates for congenital malform ations is 
im practical, and medical evidence to justify  “optim al” treatm ent is 
necessary.16 As a consequence, the m ajority o f the operations performed 
in neonates are supported by retrospective studies and surgeon 
preference.11
Case series studies, such as in our study design, should be replaced 
by prospective studies to evaluate early technical m odifications and by 
prospective research databases to identify late and rare events which 
could also provide adequate data to be used in future prospective studies. 
Adequate pre-trial data are essential to allow pow er calculations, clarify 
the definition and indications o f the intervention, and develop quality 
m easures.9 Protocols for prospective studies should be established by 
prospective clinical trials (PCT) and registered publicly.
A lternative prospective designs, such as interrupted time series 
studies, should be used when randomized trials are not feasible. I f  the 
most im portant confounders are m easured and sufficient outcomes are 
used in a uniform way, advanced statistical techniques can be employed 
to give valuable inform ation for improvem ent o f the treatm ent outcome 
o f individuals with congenital craniofacial anomalies.
It will not be easy though to reach these goals. Achievem ent o f 
improved design, conduct, and reporting surgical research will need
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concerted action by funders o f  health care and research, regulatory 
bodies, professional societies, and last but not least by editors o f 
scientific journals.9
7.4 Clinical implications
The BCLP-yardstick has been used for evaluation o f the relationship o f 
the dental arches, focusing m ainly on the sagittal component, indicating 
the overall treatm ent outcome rather than individual tooth irregularities. 
In case a more detailed description o f treatm ent outcome o f the lateral 
segment is needed, a rating scale such as the HB-system for the buccal 
segments is required. From this investigation, we could conclude that the 
BCLP-yardstick and the HB-system can be applied reliably to dental 
casts o f  CBCLP patients for the evaluation o f  treatm ent outcome in the 
deciduous, m ixed and early perm anent dentition. Both scoring systems 
are capable to categorize treatm ent outcome into sim ilar categories. In 
case a more sensitive measure o f  treatm ent outcome is needed, 
selectively both scoring systems should be used.
Cephalom etric analysis was used to evaluate the facial growth 
pattern. Even though 3D-cephalometry is the latest imaging development, 
the 2D cephalom etric analysis is still the classic tool for longitudinal 
evaluation o f facial growth and developm ent in patients with cleft lip and 
palate. However, besides the fact that 2D-cephalom etry is a tw o­
dimensional representation o f skeletal structures, cephalometric 
measurements either in 2D or 3D have an inherent method error that 
varies, depending on measuring system, type o f landmark, and observer. 
Because o f concerns about the radiation dose o f  cone beam or m ulti-slice 
computer tom ography, especially in children, 2D-cephalom etry will 
probably continue to be the main tool for evaluation o f longitudinal 
studies on facial growth and treatm ent outcome until the next generation 
o f cone beam CT scanners will deliver a significantly lower radiation 
dose.
The average treatm ent outcome for dental arch relationships between 
6 and 12 years appears to be rather good, with only a slight deterioration
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as the patients grew older. The three centres involved in the study showed 
comparable results regardless o f  the different treatm ent protocols that 
were followed. Delaying hard palate closure and infant orthopedics (IO) 
did not appear advantageous in the long run, at least for the treatm ent 
outcome o f this study. A m ajor concern with respect to tim ing o f palatal 
surgery could be speech quality, which was not evaluated in the present 
study. In other studies on speech development, where soft palate repair 
was perform ed before 1 year o f age and hard palate after 5 years, it was 
concluded that late hard palate closure, may have a negative effect on 
speech,18,19 leading to retracted oral articulation and mild hypernasality. 
These results were interpreted as an indication o f  velopharyngeal 
competence (VPC) in most o f the children. According to these findings 
and in order to improve the results o f  Sahlgrenska University Hospital, 
Göteborg, Sweden, it was decided, to modify slightly the technique for 
soft palate closure and place the vom er flap further anteriorly to 
encourage narrowing o f the cleft in the hard palate, and to operate the 
hard palate at 3 years o f age.20
Conclusively, delayed palate repair is associated with prolonged 
speech therapy, having a direct effect on the burden o f care o f  these 
patients. The compromised speech would be associated with psychosocial 
implications for these children.
All patients, who were treated in Nijmegen, included in this study, 
had been operated for hard palate closure at roughly 9 years o f  age and at 
the same time an osteotomy o f the prem axilla was performed. We 
observed in the group o f Nijmegen, im pairm ent o f the BCLP-yardstick 
scores, and differences in the cephalom etric findings with the other 
centres. In this study, prem axillary osteotomy appeared to be associated 
with less favorable developm ent o f  the dental arch relationship between 9 
and 12 years in the group o f Nijmegen. The final outcome in the present 
sample remains to be investigated when growth has ceased. However, a 
selected subsample o f  these patients that was followed longitudinally 
from 6 to 20 years o f age,21 showed that the osteotomy o f the prem axilla 
was not detrim ental to later facial growth. A later evaluation o f 40 
CBCLP patients o f  the Nijm egen cleft centre, who underwent 
prem axillary osteotomy revealed a trend towards m axillary growth
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retardation that is compensated by the orthodontic treatm ent. Since there 
were no significant differences compared to the control group o f  Oslo, it 
was concluded that, the treatm ent protocol o f Nijm egen could be 
continued including the prem axillary osteotomy in the treatm ent 
modalities o f the centre.22
Besides the growth variability between individuals and racial 
groups, it is difficult to draw the line for the ideal treatm ent protocol as 
the treatm ent protocols o f the three centres have main differences. 
Evidently, the facial skeletal balance in cleft patients is m ainly dependent 
on three factors: growth pattern, surgical tim ing and technique, and 
function. Surgical timing and technique are interrelated w ith the 
function.23 The treatm ent outcome in BCLP patients goes to a maximum 
favorable result when the apparently initially protruded prem axilla 
maintains this position. In cases with multiple tooth agenesis in the 
maxilla, the upper dental arch may be retruded and surgical correction o f 
skeletal facial profile m ight be indicated.24 In patients with cleft lip and 
palate (CLP), tooth agenesis is more common than in the general 
population.25 This m ight be attributed to the specific surgical procedures 
perform ed,26-28 but the absence o f the lateral incisor in the cleft region, 
could also be the result o f tissue insufficiency in the medial nasal and/or 
m axillary process during embryological developm ent.29 It is possible also 
that teeth in the alveolar cleft region are sensitive to developmental 
disturbances, resulting in anomalies o f  number, shape and size.30,31 
However, the high prevalence o f agenesis outside the cleft area points 
towards a common genetic pathw ay.32-36
7.5 Recommendations for further research
The National Centre on Birth Defects and Developmental Disabilities at 
the Centres for Disease Control and Prevention conducted a workshop in 
the USA, in January 2006, entitled “Prioritizing a Research Agenda for 
Orofacial Clefts” . Forty-five experts o f  disciplines working in the field o f 
orofacial clefts participated.37 The purpose was to direct the research in 
the field to aspects where there are scientific gaps. The main goal that
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was set was the primary prevention in OFC by identifying environmental 
pollutants,38,39 genes, medical factors and potential gene environmental 
interactions as risk contributors. Further research would help to identify 
risk factors and may lead to preventive interventions, genetic counseling, 
and future preventive initiatives.
Furthermore, in an overall evaluation o f the group o f patients in our 
study nasolabial appearance and speech need to be investigated. Aspects 
for further research should be patients’ and parents’ satisfaction and 
stress, and their psychosocial concerns.37,40 Few data exist regarding the 
cost o f cleft care.41 There are many difficulties for these value 
assessments because w hat is calculated is either hospital charges or 
insurance cost payments which do not represent all the tim e the real 
costs.41 It is im portant to perform a cost effectiveness evaluation for our 
CBCLP population for each centre separately in order to improve the 
value o f the provided treatm ent in relation to the treatm ent outcome. 
Thus, all specialties involved in cleft teams should be able to  provide 
data on outcomes and costs.41
In our study, we observed im pairm ent o f the BCLP-yardstick score 
and cephalom etric changes in the patients o f  Nijm egen after prem axillary 
osteotomy. Further research should elucidate the cause o f this impairment 
o f the short term -outcom e and a long-term evaluation would help us to 
solve the controversy o f the necessity o f  the prem axillary osteotomy. In 
case we could eliminate this surgical procedure from our treatm ent 
protocol, we could improve the cost effectiveness o f the provided health 
care in our group.
The frequency o f dental anomalies seems to be linked to the 
severity o f the cleft m alform ation.25,42 Pattern recognition o f tooth 
agenesis is important, as careful subphenotyping o f  CLP patients, based 
on dental developm ent characteristics, m ight identify cleft subgroups, 
which could help to determine specific genetic contributions and identify 
disease-causing alleles.36 Genetic interactions between genes relevant for 
orofacial cleft formation and tooth agenesis have been already supported 
in the literature.32,34 Further research should elucidate common genetic 
pathways for tooth developmental anomalies and CLPs.
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Chapter 1 introduces the topic o f complete bilateral cleft lip and palate 
(CBCLP). The etiologic factors (genetic, epigenetic and environmental) 
related to the condition are discussed. Incidence o f cleft lip and palate 
and the associated anomalies is shortly presented. Patients with CBCLP 
require an interdisciplinary approach o f treatment, which is outlined in 
this chapter. Each cleft centre follows its own treatment protocol. In this 
chapter, the treatment protocol o f the centre, where this study was 
performed, is shortly discussed. Facial growth disturbances are frequently 
observed in these patients, which might be attributed to intrinsic and 
functional factors, but this also might have iatrogenic causes. Therefore 
craniofacial morphology and dental arch development are described in 
operated and non-operated BCLP patients. At the end o f this chapter, the 
objectives o f the thesis are outlined.
In Chapter 2 the results o f a retrospective longitudinal intercentre 
outcome study on dental arch relationships in three European CLP 
centres are presented. Dental casts o f 204 consecutive patients with 
complete bilateral cleft lip and palate (CBCLP) were compared and 
evaluated longitudinally. The age o f the patients was ranging between 4.5 
to 13.5 years o f age. The evaluation was performed with the BCLP- 
yardstick, which rates dental arch relationships, at 6, 9, and 12 years o f  
age. Increments for each interval (from 6 to 9 years, 6 to 12 years, and 9 
to 12 years) were analyzed by logistic and linear regression models. 
There were no significant differences in outcome measures between the 
centres at age 9 or at age 12. At age 6, centre B showed significantly 
better results (p=0.027), but this difference diminished as the yardstick 
score for this group increased over time (linear regression analysis), the 
difference with the reference category (centre C, boys) for the intervals 6 
to 12 and 9 to 12 years being 10.4% (p=0.041) and 12.9% (p=0.009), 
respectively. Despite different treatment protocols, dental arch 
relationships in the three centres were comparable in final scores at age 9 
and 12 years. Delaying hard palate closure and employing infant 
orthopedics did not appear to be advantageous in the long run. 
Premaxillary osteotomy employed in centre B appeared to be associated 
with less favorable development o f  the dental arch relationship between 9 
and 12 years.
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In Chapter 3, two scoring systems: the Huddart/Bodenham system 
(HB-system) and the Bauru-BCLP yardstick (BCLP-yardstick) were 
compared. The purpose o f this study was to classify treatment outcome in 
terms o f dental arch relationships in patients with CBCLP and to evaluate 
the predictive value o f these scoring systems for treatment outcome. 
Dental arch relationships o f 43 CBCLP patients were evaluated 
longitudinally at 6, 9, and 12 years. For each age group the HB-scores 
were correlated with the BCLP-yardstick scores using Spearman's 
correlation coefficient. The predictive value o f the two scoring systems 
was evaluated by backward regression analysis. Intra-observer Kappa 
values for the BCLP-yardstick scoring for the two observers were 0.506 
and 0.627, respectively, and the interobserver reliability was ranging 
between 0.427 and 0.581. The intra-observer reliability for the HB- 
system was ranging from 0.92 to 0.97 and the interobserver reliability 
from 0.88 to 0.96. The BCLP-yardstick scores o f 6 and 9 years together 
were predictors for the outcome at 12 years (explained variance 41.3%). 
Adding the incisor and lateral HB-scores in the regression model 
increased the explained variance to 67%. The BCLP-yardstick and the 
HB-system are reliable scoring systems for evaluation o f dental arch 
relationships o f CBCLP patients. The HB-system categorizes treatment 
outcome into similar categories as the BCLP-yardstick. In case a more 
sensitive measure o f treatment outcome is needed, selectively both 
scoring systems should be used.
In Chapter 4 the prevalence o f tooth agenesis and patterns o f  
hypodontia are evaluated in a large sample o f  patients with complete 
bilateral cleft lip and palate (BCLP). Serial panoramic radiographs (the 
first radiograph was taken at 10.5-13.5 yr o f age) o f 240 patients with 
BCLP (172 male patients, 68 female patients) were examined. Third 
molars were not included in the evaluation. Agenesis o f at least one tooth 
was present in 59.8% o f patients. Upper laterals and upper and lower 
second premolars were missing most frequently. Using the tooth agenesis 
code (TAC), 52 different agenesis patterns were identified, o f  which 
simultaneous agenesis o f 12, 22, 15, 25, 35, and 45 was the most frequent 
pattern. Nine o f the 240 patients showed combined BCLP and 
oligodontia.
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In Chapter 5 the craniofacial morphology and soft tissue profile in 
patients with complete bilateral cleft lip and palate (CBCLP) is compared 
at 9 years o f age. The patients were treated in two European cleft centres, 
which both had a delayed hard palate closure but different treatment 
protocols. Cephalometric data o f 83 consecutively treated CBCLP 
patients were compared (Gothenburg, nA=44; Nijmegen, nB=39). In total, 
18 hard tissue and 10 soft tissue landmarks were digitized by one 
operator. To determine the intra-observer reliability, 20 cephalograms 
were digitized twice with a monthly interval. Paired t-test, Pearson 
correlation coefficients and multiple regression models were applied for 
statistical analysis. Hard and soft tissue data was superimposed by the 
generalized Procrustes analysis. In Nijmegen, the maxilla was protrusive 
for hard (SNA) and soft tissue (Snss) values (p=0.001, p=0.030  
respectively) and the maxillary incisors were retroclined (p <0.001), 
influencing the nasolabial angle (as-ss-Is), which was increased in 
comparison to Gothenburg (p=0.004). In conclusion, both centres showed 
a favorable craniofacial form at 9 to 10 years o f age, although there were 
significant differences in the maxillary prominence, the incisor 
inclination and soft tissue cephalometric values. Follow-up o f these 
patients until facial growth has ceased, may elucidate components for 
outcome improvement.
In Chapter 6 the results o f  a longitudinal study into craniofacial 
morphology and soft tissue profile changes o f patients with complete 
bilateral cleft lip and palate (CBCLP) from 6 to 12 years o f  age are 
presented. Lateral cephalograms from 148 patients with CBCLP treated 
consecutively at three European cleft centres, Gothenburg (nA =37), 
Nijmegen (nB=26), and Oslo (nC=85), with different treatment protocols 
were evaluated. A total o f 18 hard tissue and 10 soft tissue landmarks 
were digitized by one operator. To determine intra-observer reliability, 
20 cephalograms per age group were digitized twice at a one-month 
interval. Paired t-test, Pearson correlation coefficients, and multiple 
regression models were applied for statistical analysis. ANOVA and 
Tukey-B, as a post-hoc test, were used to evaluate the increments and 
compare centre. Hard and soft tissue data were superimposed using the 
generalized Procrustes analysis. For Nijmegen, the increments (between 6
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and 12 years) o f the variables SNA, ANB, NS-NL, NL-ML, Snss, and 
Snpg were significantly different from the two other centres (p=0.018 to 
<0.001). SNPg increments were significantly different between Nijmegen 
and Oslo (p=0.002). The three cleft centres followed different treatment 
protocols, but the main differences in craniofacial morphology until 12 
years o f  age were the growth pattern and the maxillary and upper incisor 
variables. Follow up o f these patients until facial growth has ceased, may 
elucidate components for improving outcome.
In Chapter 7 the goals and objectives o f the study as a whole are 
presented. The strengths and weakness o f the study are discussed as well 
as the different methodological considerations that have been 
encountered. The main objective was to improve our knowledge on 
treatment outcome in CBCLP patients. In this chapter, it is evaluated to 
what extent we reached the goal o f  our investigation and furthermore 
suggestions for future research are done.
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In Hoofdstuk 1 wordt het onderwerp complete bilaterale lip-, kaak-, en 
gehemeltespleet geïntroduceerd. De etiologische factoren (genetisch, 
epigenetisch en omgevingsgebonden) die gerelateerd zijn aan de 
aandoening worden besproken. Zowel de incidentie van lip-, kaak-, en 
gehemeltespleten als de geassocieerde aandoeningen worden kort 
voorgesteld. Patiënten met een complete bilaterale schisis vereisen een 
interdisciplinaire aanpak van behandelen, welke uitgeschreven is in dit 
hoofdstuk. Elk schisiscentrum volgt zijn eigen behandelprotocol. In dit 
hoofdstuk wordt kort het behandelprotocol besproken van het centrum 
waar deze studie werd uitgevoerd. Stoornissen in de groei van het 
aangezicht worden frequent gezien bij deze patiënten, wat kan worden 
toegeschreven aan intrinsieke en functionele factoren, maar het kan ook 
iatrogene oorzaken hebben. Daarom wordt de craniofaciale morfologie en 
de ontwikkeling van de tandbogen beschreven van zowel geopereerde als 
niet-geopereerde patiënten met schisis. Op het einde van dit hoofdstuk 
worden de doelstellingen van dit proefschrift geschetst.
In Hoofdstuk 2 worden de resultaten van een retrospectief 
longitudinaal onderzoek naar de verhouding tussen onder- en bovenkaak 
beschreven in drie Europese schisiscentra. Studiemodellen van 204 
opeenvolgende patiënten met een complete bilaterale schisis werden 
vergeleken en geëvalueerd. De patiënten waren tussen 4.5 en 13.5 jaar 
oud. De evaluatie werd uitgevoerd met behulp van een meetinstrument, 
de BCLP-yardstick, met behulp waarvan de tandboogrelaties werden 
beoordeeld op 6-, 9- en 12-jarige leeftijd. De stappen voor elk interval 
(van 6 tot 9 jaar, 6 tot 12 jaar, en 9 tot 12 jaar) werden geanalyseerd aan 
de hand van logistische en lineaire regressiemodellen. Er waren geen 
significante verschillen in meetresultaten tussen de centra op de leeftijd 
van 9 o f 12 jaar. Op 6-jarige leeftijd daarentegen toont centrum 
Nijmegen significant betere resultaten (p=0.027), maar dit verschil werd 
kleiner naarmate de BCLP-yardstick score voor deze groep hoger werd in 
loop der tijd (lineaire regressie-analyse). Het verschil met de 
referentiecategorie (centrum Oslo, jongens) voor de intervallen 6 tot 12 
en 9 tot 12 jaar was 10.4% (p=0.041) en 12.9% (p=0.009) 
respectievelijk. Ondanks de verschillen in behandelprotocol waren de 
tandboogrelaties in alle drie de centra vergelijkbaar in de scores op een
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leeftijd van 9 en 12 jaar. H et uitstellen van het sluiten van het harde 
gehemelte en het toepassen van een prechirurgische kaakorthopaedische 
behandeling op de babyleeftijd bleek op de lange term ijn geen voordelen 
te hebben. Een osteotomie van de premaxilla, zoals toegepast in 
Nijmegen, bleek geassocieerd te zijn m et een m inder gunstige 
ontwikkeling van de tandbogen van 9 to t 12 jaar.
In H oofdstuk 3 werden 2 scoringssystemen, het Huddarts/Bodenham  
systeem (HB-systeem) en het Bauru-BCLP yardstick systeem (BLCP- 
yardstick), vergeleken. H et doel van dit onderzoek was om 
behandelresultaten, in term en van tandboogrelaties, in patiënten met 
complete bilaterale schisis te classificeren. Ook de voorspellende waarde 
van deze scoringssystemen m et betrekking tot het behandelresultaat werd 
onder de loep genomen. De tandboogrelatie van 43 patiënten m et een 
complete bilaterale schisis werden longitudinaal geëvalueerd op 6-, 9- en 
12-jarige leeftijd. Voor elke leeftijdsgroep werden de HB-scores 
gecorreleerd m et de BCLP-yardstick scores gebruikmakende van de 
Spearm an’s correlation coëfficiënt. De voorspellende waarde van deze 2 
scoringssystem en werd geëvalueerd m et behulp van achterwaartse 
regressie-analyse. De intra-observer Kappa waarden voor het BCLP- 
yardstick scoringssysteem voor de 2 waarnemers was respectievelijk 
0.506 en 0.627 en de interobserver betrouwbaarheid lag tussen 0.427 en 
0.581. De intra-observer betrouwbaarheid voor het HB systeem varieerde 
van 0.92 to t 0.97 en de interobserver betrouw baarheid van 0.88 to t 0.96. 
De BCLP-yardstick scores van 6 en 9 jaar samen waren voorspellers voor 
het resultaat op 12 jaar (verklaarde variantie 41.3%). H et toevoegen van 
de incisief- en laterale HB-scores in het regressiem odel verhoogde de 
verklaarde variantie tot 67%. Zowel het BCLP-yardstick als het HB- 
systeem zijn betrouwbare scoringssystemen voor de evaluatie van 
tandboogrelaties van complete bilaterale schisispatiënten. H et HB- 
systeem categoriseert het behandelresultaat in gelijke categorieën als het 
BCLP-yardstick systeem. Indien een m eer sensitieve m eting van het 
behandelresultaat nodig is, kan selectief gekozen worden voor het 
gebruik van een o f beide systemen.
In H oofdstuk 4 worden de prevalentie van tandagenesie en de 
patronen van hypodontie geëvalueerd in een grote groep patiënten met
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een complete bilaterale schisis. Seriële panoramische röntgenopnamen 
(de eerste röntgenopname werd genomen op 10.5-13.5 jarige leeftijd) van 
240 patiënten m et complete bilaterale schisis (172 mannelijke patiënten, 
68 vrouwelijke patiënten) werden beoordeeld. Derde molaren werden niet 
opgenomen in de evaluatie. Agenesie van tenm inste één gebitselem ent 
werd gezien in 59.8% van de patiënten. Laterale incisieven in de 
bovenkaak en tweede prem olaren zowel in boven- als onderkaak waren 
het m eest frequent afwezig. Door gebruik te maken van de ‘tan d - 
agenesie-code’ (TAC) werden 52 verschillende agenesiepatronen 
geïdentificeerd van welke gelijktijdige agenesie van 12, 22, 15, 25, 35 en 
45 het m eest frequente patroon was. Negen van de 240 patiënten toonden 
zowel bilaterale schisis als oligodontie.
In H oofdstuk 5 worden de craniofaciale morfologie en het weke 
delen profiel van patiënten m et complete bilaterale schisis vergeleken op 
de leeftijd van 9 jaar. De patiënten werden behandeld in 2 Europese 
schisiscentra, welke beide het sluiten van het harde gehemelte uitstelden 
m aar m et een verschillend behandelprotocol. Cephalometrische gegevens 
van 83 opeenvolgend behandelde patiënten m et een complete bilaterale 
schisis werden vergeleken (Gothenburg, n A=44; Nijmegen, nA=39). In 
totaal werden 18 skelettale en 10 weke delen punten door één waarnem er 
gedigitaliseerd. Om de intra-observer betrouwbaarheid te bepalen werden 
20 cephalograms twee maal gedigitaliseerd m et een interval van een 
maand. Zowel een gepaarde t test als Pearson correlatie coëfficiënten en 
multipele regressiem odellen werden gebruikt voor statistische analyse. 
Skelettale en weke delen data werden gesuperponeerd m et behulp van de 
gegeneraliseerde Procrustes analyse. In Nijm egen was de bovenkaak 
protrusief voor harde (SNA) en weke delen (Snss) waarden (p=0.001, 
p=0.030 respectievelijk) en de bovenincisieven waren geretroclineerd 
(p<0.001). Deze beïnvloedden zo de nasolabiale hoek (as-ss-Is), die 
vergroot was in vergelijking m et Gothenburg (p=0.004). Geconcludeerd 
werd dat beide centra een gunstige craniofaciale ontwikkeling van hun 
patiënten lieten zien op 9 to t 10-jarige leeftijd. Desondanks waren er 
significante verschillen in de prominentie van de bovenkaak, de inclinatie 
van de incisieven en de weke delen cephalom etrische waarden. Follow-up
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van deze patiënten to t de faciale groei is voltooid, kan m isschien een 
indicatie opleveren hoe het resultaat nog verder te verbeteren is.
In H oofdstuk 6 worden de resultaten van een longitudinale studie 
naar craniofaciale morfologie en weke delen profiel veranderingen van 
patiënten m et een complete bilaterale schisis van 6- to t 12-jarige leeftijd 
beschreven. Laterale röntgenschedelprofielfoto’s van 148 patiënten met 
complete bilaterale schisis, opeenvolgend behandeld m et verschillende 
behandelprotocollen in 3 Europese schisiscentra, Gothenburg (nA =37), 
N ijm egen (nB=26), en Oslo (nC=85), werden geëvalueerd. Een totaal van 
18 harde weefsel- en 10 weke delen weefselpunten werd gedigitaliseerd 
door één waarnemer. Om de intra-observer betrouwbaarheid te bepalen, 
werden 20 röntgenschedelprofielfoto’s per leeftijdsgroep twee keer 
gedigitaliseerd m et een interval van 1 maand. Zowel een gepaarde T-test 
als Pearson correlatiecoëfficiënten en multipele regressiem odellen 
werden gebruikt voor statistische analyse. ANOVA en Tukey-B, als post­
hoc test, werden gebruikt om de increm enten te evalueren en de centra te 
vergelijken. Harde en weke delen data werden gesuperponeerd met 
behulp van de gegeneraliseerde Procrustes analyse. V oor Nijmegen 
waren de toename (tussen 6 en 12 jaar) van de variabelen SNA, ANB, 
NS-NL, NL-M L, Snss en Snpg significant verschillend van de twee 
andere centra (p=0.018 to <0.001). De toename van SNPg was significant 
verschillend tussen Nijm egen en Oslo (p=0.002). De drie schisiscentra 
volgden verschillende behandelprotocollen, m aar de grootste verschillen 
in craniofaciale morfologie tot een leeftijd van 12 jaar, waren het 
groeipatroon en de variabelen om trent de bovenkaak en de 
bovenincisieven.
In H oofdstuk 7 w ordt het doel van het gehele in dit proefschrift 
beschreven onderzoek nog eens kort beschreven. Zowel de sterktes en de 
zwaktes van het onderzoek worden bediscussieerd als ook wordt 
ingegaan op verschillende methodologische overwegingen. Het hoofddoel 
was om onze kennis over het behandelresultaat in patiënten met een 
complete bilaterale schisis te verbeteren. In d it hoofdstuk wordt 
geëvalueerd in welke mate we het doel van ons onderzoek hebben bereikt 
en worden suggesties voor toekom stig onderzoek gedaan.
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